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A p p l i c a t i o n  o f  Sate1 1 i t e  Data t o  Tropic/Subtropic Mo is tu re  Coup1 i n g  

James P. McGuirk and Aylmer H. Thompson 

F i n a l  Report 

1. INTRODUCTION AND SUMMARY. 

a. Accomplishments: 

The goal of t h e  proposed research was - t o  d e f i n e  - a common t r o p i c a l  

d is turbance (which we have named a moisture b u r s t ) ,  - t o  descr ibe - i t s  

synop t i c  appearance, and - t o  p l a c e  --- it  i n  the con tex t  -- o f  t h e  t r o p i c a l  genera l  

c i r c u l a t i o n .  Because mois ture bu rs ts  u s u a l l y  develop over  t h e  t r o p i c a l  

oceans, they a re  p o o r l y  observed by t h e  opera t i ona l  data network. 

Therefore a second, b u t  e q u a l l y  important,  goal was - t o  develop q u a n t i t a t i v e  

methodology, based on s a t e l l  i t e  de r i ved  data, - t o  observe synop t i c  systems 

- l i k e  mo is tu re  bu rs ts .  We focused on three case s tud ies  d u r i n g  t h e  F i r s t  

GARP Global Experiment (FGGE) o f  1979 so t h a t  we would a l s o  have some 

spec ia l  convent ional  data a v a i l a b l e .  

This  i n t r o d u c t i o n  summarizes, t he  accomplishments of t h r e e  years of 

research e f f o r t .  More d e t a i l  i s  provided i n  t h e  enumeration o f  f i n d i n g s  i n  

sec t i ons  2-6, and more d e t a i l  s t i l l  i n  the documentation l i s t e d  i n  s e c t i o n  

7. Sect ion 8 recommends f u t u r e  tasks.  I n  accord w i t h  t h e  two general  

goals, t h e  major accomplishments f a l l  i n  two broad classes: new f i n d i n g s  

o f  atmospheric phenomena; and documentation o f  data and technique 

deve 1 opmen t : 

1. Phenomena. We have developed an o b j e c t i v e  d e f i n i t i o n  o f  

mo is tu re  b u r s t s  which descr ibes a s p e c i f i c  c lass  of t r o p i c a l  atmospheric 

system. Th is  d e f i n i t i o n  has been u t i l i z e d  t o  prepare a c l ima to logy  o f  

mois ture b u r s t s  over t h e  t r o p i c a l  eastern Nor th P a c i f i c  Ocean. The 

c l i m a t o l o g y  i s  based on c loud  imagery and upon 850 and 200 mb s t reaml ine  



ana lys is .  The t y p i c a l  behavior  and temporal v a r i a t i o n  o f  mo is tu re  b u r s t s  

have al lowed them t o  be i n t e r p r e t e d  i n  terms of t h e  t r o p i c a l  general  

c i r c u l a t i o n .  Three dimensional f i e l d s  of numerous va r iab les  were prepared 

f o r  three case s tud ies,  two i n  January 1979 and one i n  May 1979. These 

case s tud ies descr ibe many s t r u c t u r a l  elements of mo is tu re  burs ts :  t h e  

e v o l u t i o n  o f  mois ture d i s t r i b u t i o n  and i t s  t r a n s p o r t  i n t o  m id la t i t udes ;  t h e  

development and i n t e n s i f i c a t i o n  of t h e  sub t rop i c  j e t ;  t h e  development o f  a 

m id - la t i t ude  o r  sub t rop i ca l  t rough t o  t h e  nor thwest  of mo is tu re  bursts ,  and 

t h e  concomitant i n t e n s i f i c a t i o n  of f ron ta l -1  i k e  features;  t h e  i n t e r a c t i o n  

o f  l a r g e r  and smal le r  sca le  waves w i t h  mo is tu re  burs ts ;  and t h e  

d i s t r i b u t i o n  o f  h o r i z o n t a l  winds. O f  spec ia l  i n t e r e s t  was t h e  l a c k  o f  

mo is tu re  b u r s t  a c t i v i t y  assoc iated w i t h  t h e  1982-83 E l  Nino. One major  

shortcoming was the  l a c k  of data t o  diagnose divergence and t h e  v e r t i c a l  

mot ion f i e l d .  Because o f  t h i s  type of data spa rs i t y ,  we have o n l y  begun t o  

consider  the causes o f  mo is tu re  bursts .  

2. Data technique development. The scope of t h e  p r o j e c t  was s e t  

by i d e n t i f y i n g  two s h o r t  case s tudy per iods and i n v e s t i g a t i n g  a l l  a v a i l a b l e  

data over  t h e  t r o p i c a l  P a c i f i c  ( r a t h e r  than l o o k i n g  a t  l ong  t ime per iods 

and a r e s t r i c t e d  range o f  data types).  Several problems were i d e n t i f i e d  i n  

the  o f f i c i a l  FGGE a rch i ve  a t  t h e  World Data Center i n  Ashev i l le .  The most 

ser ious were associated w i t h  the  a r c h i v i n g  o f  c loud d r i f t  winds and TIROS 

radiance soundings, and w i t h  t h e  mois tu re  ana lys is .  

The q u a n t i t a t i v e  s a t e l l i t e  channel rad iance data were found t o  be a t  

l e a s t  as useful as any o the r  data type. S t a t i s t i c a l  ana lys i s  revealed 

q u a l i t y  synopt ic sca le  s igna l .  EOF ana lys i s  i n d i c a t e d  t h a t  t h e  two most 

r e l i a b l e  s igna ls ,  averaged over  t h e  whole P a c i f i c  domain, were 

t ropospher ic  averaged temperature and mo is tu re  s igna ls .  These two numbers 
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distribution of higher order EOFs, and relations between channel data and 

conventional data explained over 80% of the total variability of satellite 

channel data. Closer inspection of individual channel horizontal structure 

functions, the distribution of higher order EOFs, and relations between 

channel data and conventional data provided convincing evidence that nearly 

every channel contains useful information in synoptically active regions. 

In fact, the satellite moisture channel data generally verify the less 

certain ECMWF moisture ana' dynaiiiic aiialyses. D e c s m p s i t i o n  o f  channel data 

into eigenvectors was a useful 'synoptic technique, and the statistically 

derived eigenvectors could usually be interpreted physically. A regression 

technique was developed to convert TIROS observations in cloudy regions and 

NOAA 5 observations to full "bogus" TIROS observations; large areas devoid 

of complete satellite data could then be filled in. The satellite channel 

data, both in individual mappings and in EOF form, were used successfully 

to assist in the diagnosis of moisture bursts. 

b. 

In our proposal, two separate work statements were enumerated: The 

first was a list of four scientific objectives pertaining to moisture 

Fulfillment of proposed task statement: 

bursts. 

1. 

2. 

3.  

4. 

We 

They were stated as: 

Complete a diagnostic study o f  moisture bursts. 

Develop a theoretical model o f  moisture bursts, with emphasis on 

the cause of moisture bursts. 

Use theoretical studies to estimate the role of moisture bursts in 

the tropical general circulation. 

Relate the moisture burst to the STJ and to downstream effects. 

have satisfied objectives (1) and ( 3 ) ,  a1 though better analysis 

techniques will result in commensurate better understanding. (2) was 
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o v e r l y  ambit ious and probably  exceeds ou r  c a p a b i l i t y  based on c u r r e n t l y  

a v a i l a b l e  data. This conclus ion i s  one of t he  hard t r u t h s  learned i n  t h i s  

data analysis.  We have made progress on (4), b u t  f e l t  t h a t  more i n tense  

s tudy of  t he  mois ture b u r s t  o r i g i n  r e g i o n  would be more f r u i t f u l  than 

downstream studies,  which could be approached w i t h  convent ional  data; we 

have o u t l i n e d  a study o f  downstream e f f e c t s  i n  a new proposal. 

A more approp r ia te  statement of accomplishments i s  t h e  f o l l o w i n g  

procedure/task statement, taken d i r e c t l y  from the  proposal submit ted i n  May 

1981: 

Procedure/Task Statement: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Assemble data--1Ib and I I I b  (Accomplished). 

Prepare maps o f  data a v a i l a b i l i t y  (Accomplished). 

* Merge the data f o r  case s tud ies  (Accomplished). 

* Relate t h e  s a t e l l i t e  i n f o r m a t i o n  t o  convent ional  data 

(Accomplished). 

Diagnose t h e  mois ture b u r s t  (Accomplished). 

Begin p repara t i on  o f  a t h e o r e t i c a l  model o f  a mois ture b u r s t  

(Accomplished). 

Test t h e  model (Premature). 

Prepare a q u a n t i t a t i v e  d e s c r i p t i o n  o f  a mois ture b u r s t  ( P a r t i a l l y  

Accompl i shed). 

Es tab l i sh  a chronology o f  mois ture b u r s t s  (Accomplished). 

*Tasks ( 3 )  and ( 4 )  i nvo l ved  f a r  more e f f o r t  than was i n i t i a l l y  a n t i c i -  

pated. A number o f  problems discovered i n  t h e  data have n o t  been solved t o  

date. These problems a re  n o t  unique t o  t h i s  research. S i x  and one h a l f  

years a f te r  t h e  FGGE observat ional  year,  t h e  ECMWF has s t i l l  n o t  completed 

the  f i n a l  t h r e e  dimensional a n a l y s i s  ( I 1 1  c )  env is ioned i n  t h e  e a r l y  

4 



p lann ing  documents o f  FGGE. 

On t h e  o the r  hand, the t ime spent on these tasks was worthwhi le.  We 

have i d e n t i f i e d  a number o f  u s e f u l  techniques o f  s a t e l l i t e  data ana lys i s  

which w i l l  be developed under new contract .  We have a l s o  de f i ned  more 

p r e c i s e l y  the  synopt ic  i n fo rma t ion  content o f  q u a n t i t a t i v e  s a t e l l i t e  data 

over t h e  t r o p i c a l  oceans. 

Tasks (6) and (8 )  have n o t  been accomplished i n  a way t o  make ( 7 )  

f e a s i b l e .  A1 though we have deduced much q u a n t i t a t i v e  i n fo rma t ion  on b u r s t  

s t r u c t u r e ,  t he  l i m i t s  o f  data ana lys i s  i n  t h i s  r e g i o n  o f  t h e  atmosphere 

precludes d e f i n i t i v e  conclusions. Further technique development w i l l  

r e s u l t  i n  f u r t h e r  q u a n t i t a t i v e  understanding of mois ture bu rs ts .  

I n  the  remainder o f  t h i s  r e p o r t ,  we e labo ra te  on these 

accomplishments. We conclude w i t h  some remarks on fu tu re  work. 

5 



2 .  DATA DEVELOPMENT. 

Moisture b u r s t s  must be s tud ied  i n  t h e  data-sparse reg ions where they 

occur. Our phi losophy was t o  i n v e s t i g a t e  a l l  p o s s i b l e  forms o f  data t o  

minimize, as f a r  as poss ib le ,  t he  problems of i n s u f f i c i e n t  data. This 

phi losophy r e q u i r e d  us t o  r e s t r i c t  t h e  number of days chosen f o r  t h e  study. 

I n  re t rospect ,  the work would have been reduced tremendously i f  we had 

r e s t r i c t e d ,  r a t h e r ,  t he  k inds o f  data we u t i l i z e d ,  and examined these data 

over much l a r g e r  t ime i n t e r v a l s .  Each data type had i t s  own format, i t s  

own d i s t r i b u t i o n  and e r r o r  c h a r a c t e r i s t i c s ,  i t s  own i n f o r m a t i o n  con ten t  and 

i t s  own "best"  a n a l y s i s  technique. Merging d i spa ra te  data types i s  a task 

s t i l l  i n  i t s  in fancy.  The c u r r e n t  p resc r ibed  procedure i s  opt imal  i n t e r p o -  

l a t i o n ,  a procedure which may n o t  be opt imal  a t  a l l  f o r  synop t i c  d iagnosis  

i n  data-sparse t r o p i c a l  regions. 

a. Data: 

S a t e l l i t e  data, convent ional  data and analyses were used. Imagery 

was obtained from a number o f  NOAA sources and from Marshal l  Space F l i g h t  

Center (MSFC). Channel radiance data were obta ined from the  FGGE a r c h i v e  

a t  World Data Center A (Ashev i l l e ,  NC). ECMWF I I I ( b )  g r i dded  f i e l d s  and 

I I ( b )  observat ions were obta ined from t h e  a rch i ves  o f  t he  Na t iona l  Center 

f o r  Atmospheric Research (NCAR). F i n a l l y ,  hard copy analyses were obta ined 

from p u b l i c a t i o n s  o f  ECMWF and NOAA's Geophysical F l u i d  Dynamics Laboratory  

(GFDL). 

The fo l l ow ing  t a b u l a t i o n  summarizes the  data s e t s  we u t i l i z e d :  

1. S a t e l l i t e  Imagery. D a i l y  GOES f u l l  d i s k  v i s i b l e  imagery; 

6-hour ly  GOES f u l l  d i s k  i n f r a r e d  imagery; 30-minute GOES f u l l  d i s k  i n f r a r e d  

imagery i n  the form of t ime- lapse mot ion p i c t u r e s ;  c o l o r  enhanced P a c i f i c  

sec to r  GOES i n f r a r e d  imagery; f u l l  d i s k  water  vapor iniagery from GOES (VAS) 
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f o r  a p i l o t  s tudy o f  1982 mois ture bursts. 

2. Publ ished Analyses. Da i l y  ECMWF and GFDL 200 and 850 mb 

stream1 i n e  and i s o t a c h  analyses f o r  t r o p i c a l  and s u b t r o p i c a l  regions; d a i l y  

data d i s t r i b u t i o n  maps from ECMWF; moisture analyses, i n c o r p o r a t i n g  TIROS 

moisture data f o r  a few days i n  January 1979 ( f rom GLA). 

3. Gridded I I I ( b )  data. u ,  v, h, q, po and T a v a i l a b l e  on a 

1.875O l a t / l o n  g r i d  ( these f i e l d s  were consol idated onto a 3.75O l a t / l o n  

g r i d ,  t o  minimize computations and t o  agree b e t t e r  w i t h  data r e s o l u t i o n ) ;  

winds were a l s o  recomputed i n t o  i r r o t a t i o n a l  and nondivergent components. 

Br ightness temperatures f o r  26 

T I R O S  N rad iance channels, i n c l u d i n g  HIRS, MSU and SSU channels ( these were 

a v a i l a b l e  tw ice  d a i l y ,  w i t h  H I R S  channels m iss ing  i n  overcast  regions; 

h o r i z o n t a l  spacing f o r  soundings i s  approximately 250 km) ; r e t r i e v e d  l a y e r -  

average temperature and mois ture p r o f i l e s  (SATEMS) f o r  each of these 

soundings; a sma l le r  s e t  o f  channel br ightness temperatures from the  VTPR 

inst rument  on NOAA 5. 

4. I 1  ( b )  Sate1 1 i t e  observations. 

5. I I (b)  Conventional observat ions . S i n g l e  s t a t i o n / l  eve l  

observat ions from is lands,  sh ips and Nor th America; constant  

ba l loons;  and a i r c r a f t ;  temperature, mo is tu re  and wind p r o f i l e s  

radiosonde, dropsonde, p i b a l  and special  FGGE s c i e n t i f i c  shipsondes. 

I n  s p i t e  o f  t h i s  considerable c o l l e c t i o n  o f  data, observat ions w 

evel  

f rom 

t h i n  

t h e  ove rcas t  c loud  o f  mois ture b u r s t s  were s t i l l  i n f requen t .  Only sporadic 

soundings were f a v o r a b l y  located. VTPR and H I R S  i n f r a r e d  observat ions were 

n o t  recorded. Low l e v e l  c loud  d r i f t  winds cou ld  n o t  be obtained, and o n l y  

a few approp r ia te  upper l e v e l  c louds could be tracked. The reg ion  i s  n o t  

crossed by a common sh ipp ing  route. I s lands  do n o t  e x i s t  where, 

m e t e o r o l o g i c a l l y ,  t hey  a r e  needed most. 

7 



b. Discrepancies and data i r r e g u l a r i t i e s .  

The f o l l o w i n g  i s  a l i s t  o f  i r r e g u l a r i t i e s  i n  acqui red data, unexpected 

m iss ing  data, and o the r  anomalies i n  t h e  var ious  data arch ives.  The 

n 

e 

purpose i s  t o  document those p rev ious l y  unknown problems we encountered 

t h e  genera l l y  h i g h - q u a l i t y  FGGE arch ive,  and a l s o  t o  p o i n t  o u t  poss ib  

l i m i t a t i o n s  i n  t h e  i n t e r p r e t a t i o n  of our  subsequent data ana lys is .  

1. The s a t e l l i t e  sounding da ta  obta ined from NCAR formed a 

h i g h l y  abridged se t .  It conta ined o n l y  about 10% o f  t he  a v a i l a b l e  

soundings and was n o t  appropr ia te  f o r  synopt ic  ana lys is .  To date,  n e i t h e r  

NCAR personnel nor  we ourse lves have d iscovered who prepared t h i s  s e t  and 

why. 

2. The complete TIROS N data s e t  obta ined from World Data Center 

A was, i n  a sense, too  complete. It conta ined over  t w i c e  as many soundings 

as t h e  ECMWF claimed were ava i l ab le .  The problem was twofo ld .  F i r s t ,  a 

complete s e t  o f  r e t r i e v a l s  and b r igh tness  temperatures was prepared 

erroneously. When a new s e t  was prepared proper ly ,  these soundings were 

added t o  t h e  e x i s t i n g  s e t  and erroneous soundings were n o t  deleted. 

Incomplete documentation remains a problem. The second source of excess 

soundings was t h e  U.S. Specia l  E f f o r t ,  which computed a h igh-dens i ty  s e t  o f  

s a t e l l i t e  r e t r i e v a l s  f o r  a d d i t i o n a l  s tud ies .  Documentation c o n s t r a i n t s  

leave the source o f  these data unc lear .  Care must be taken t o  separate 

good from bad when us ing  t h i s  set .  

3 .  A s u r p r i s i n g  number o f  missed TIROS N passes e x i s t e d  through 

our  study reg ion  du r ing  t h e  f i r s t  Specia l  Observing Period. Had we known 

t h i s  beforehand, we might  have se lec ted  d i f f e r e n t  case s tud ies .  On t h e  

o t h e r  hand, we se lec ted  t h e  most i n t e r e s t i n g  appear ing mois tu re  bu rs ts  

du r ing  SOP 1. Several swathes o f  s a t e l l i t e  data a re  miss ing  du r ing  t h e  
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c r u c i a l  i n i t i a t i o n  stage of t he  f i r s t ,  and s t rongest ,  mois ture b u r s t .  

4. Two problems were be la ted l y  discovered p e r t a i n i n g  t o  t h e  

i n d i v i d u a l  channel radiance data: 

i) Brightness temperatures fo r  channel 10, t h e  boundary l a y e r  

mois ture channel, were computed i n c o r r e c t l y  i n  the  preprocessing. Al though 

t h i s  defect  can be repai red,  i t  r e q u i r e s  reprocessing a t  NOAA from the  ve ry  

f i r s t  s tep  and has n o t  been attempted. 

i i )  A f te r  s u b j e c t i n g  the  channel data t o  EOF ana lys i s ,  i t  became 

obvious t h a t  a t  l e a s t  one of t he  eigenvectors represented a s i g n a l  r e l a t e d  

t o  1 imb-darkening. A t  l a r g e  scan angles l e f t - l o o k i n g  and r i g h t - l o o k i n g  

measurements a re  o p p o s i t e l y  biased. This b i a s  can be removed from our  

data, b u t  we have n o t  y e t  done so. 

5. Several f i l e s  of c loud  d r i f t  winds, i n  the  FGGE arch ive,  a re  

i n c o r r e c t l y  i d e n t i f i e d  as GOES I n d i a n  Ocean data, a geometric i m p o s s i b i l -  

i t y .  These data a r e  o f  lower q u a l i t y  than t h e  GOES c loud  d r i f t  winds and 

t h e i r  source has y e t  t o  be i d e n t i f i e d .  

6. A ser ious problem e x i s t s  w i t h  the  ECMWF moisture ana lys i s .  

An erroneous parameter used i n  t h e  analys is  c y c l e  caused t h e  systemat ic 

exc lus ion  o f  a l l  t r o p i c a l  mois ture soundings. Secondly, a d e c i s i o n  was 

made t o  exclude s a t e l l i t e  mois ture channel i n f o r m a t i o n  i n  t h e  I I I ( b )  

ana lys i s ;  g iven t h e  problem w i t h  channel 10, t h i s  dec i s ion  was for tunate.  

However, t h e  r e s u l t  o f  these two developments was t h a t  - no upper a i r  mois- 

t u r e  data were a v a i l a b l e  f o r  the I I I ( b )  mois ture ana lys i s .  I t  was 

t h e r e f o r e  based on o n l y  weakly varying, and sporadic,  surface data, and on 

model i n t e g r a t i o n s .  

c. V e r i f i c a t i o n :  

A number o f  data intercomparisons were conducted t o  both v e r i f y  and 
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merge data o f  d i f f e r e n t  type and q u a l i t y .  Th is  task was necessary, i n  

general,  t o  q u a l i f y  t he  use o f  s a t e l l i t e  channel data f o r  t r o p i c a l  synop t i c  

diagnost ics.  The key r e s u l t s  a r e  summarized. 

1. SATEMS ( r e t r i e v e d  layer-averaged temperature p r o f i l e s ) .  

These soundings a re  computed r o u t i n e l y  f o r  i n i t i a l i z a t i o n  o f  numerical 

forecast  models. It was n o t  c l e a r  a p r i o r i  t h a t  they c o u l d  be used f o r  

q u a n t i t a t i v e  synopt ic  ana lys i s .  Comparisons o f  v e r t i c a l l y - o r i e n t e d  cross 

sec t i ons  of radiosonde and SATEM data a long the  west coast  o f  Nor th America 

were discouraging. Over a p e r i o d  o f  severa l  days o f  s t rong  f rontogenesis  

associated w i t h  a mois ture bu rs t ,  almost no synop t i c  s i g n a l  c o u l d  be 

detected i n  the SATEM sect ions.  Based on t h i s  r e s u l t ,  no f u r t h e r  use was 

made o f  the SATEM p r o f i l e s  i n  our  research; ra the r ,  we opted fo r  a n a l y s i s  

and i n t e r p r e t a t i o n  o f  i n d i v i d u a l  channel b r i gh tness  temperatures. 

2.  Winds. A number of wind comparisons were made w i t h  va r ious  

data sets:  

i )  On synop t i c  scales, s p a t i a l l y  coherent d i f f e r e n c e s  e x i s t  

between I I I ( b )  winds and c loud  d r i f t  winds. It remains unc lea r  whether 

these coherent d i f f e r e n c e s  a r e  u n u t i  1 i z e d  i n f o r m a t i o n  o r  s p a t i a l l y  

c o r r e l a t e d  e r r o r .  

i i )  Sub jec t i ve  ana lys i s  o f  a l l  wind observat ions r e s u l t e d  i n  

s t reaml ine and i s o t a c h  a n a l y s i s  q u i t e  d i f f e r e n t  from ECMWF analyses, 

p a r t i c u l a r l y  i n  t h e  upper t roposphere and d u r i n g  t h e  t ime  of most r a p i d  

mois ture b u r s t  development. Apparent ly,  opt imal  i n t e r p o l a t i o n  does n o t  

make f u l l  use o f  a v a i l a b l e  data i n  a c t i v e ,  data-sparse regions; t h e  reason, 

most l i k e l y ,  i s  t h a t  s t ronger  emphasis i s  placed on m in im iz ing  p o t e n t i a l  

e r r o r .  

i i i )  Analys is  of low l e v e l  radiosonde winds, observed from ship,  
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strongly suggests only weak correspondence between surface and 850 mb 

winds. Wind shear is almost independent of wind direction. Therefore, 

extrapolation of cloud drift winds downward or ship winds upward, as done 

in optimal interpolation, will not carry a strongly reliable signal in 

synoptically active regions. This problem is particularly acute in the 

investigation of moisture bursts. Data availability along the axis of the 

case study moisture bursts is only about one observation per 3.75"lat/lon 

box per - five days. 

iv) Histograms of differences between co-located cloud drift winds 

and ECMWF analyzed winds indicate signal -to-noise ratios approaching 1 in 

moisture 

1 eve1 ba 

3. 

burst regions. 

v )  Systematic 

loon data resu 

Moisture. 

errors in the coded wind direction in all constant 

ted in their exclusion from our analysis. 

Moisture, as certainly one of the most significant meteorological 

variables , but difficult to measure, analyze and interpret, received most 

of our analysis attention, especially given the lack of data input to the 

ECMWF moisture analysis. 

i )  Intercomparisons were made between III(b) moisture estimates, 

raob moisture measurements , and the sate1 1 ite moisture channel observations 
for co-located data at the nominal level of the satellite weighting 

function maximum. Correlation between the three sets was poor. However, 

for moist soundings (relative humidity greater than 50%), correlation 

coefficients exceeded 0.7 for all sets tested. Near dry soundings 

(relative humidity less than 30%) , both III(b) and satellite observations 

spanned the entire observed range. 

i i )  Maps were made of temporal standard deviation of moisture 
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channel data for the nine-day case study period. The same calculations 

were made using III(b) data. The patterns matched very closely, with 

maximum variability occurring along the moisture burst axis; 

iii )  Using these same data, correlation coefficients were computed 

between III(b) and gridded moisture channel data at each grid point. 

A1 though there were large regions where the correlation was statistically 

significant, 25% o f  the gridpoints possessed correlations of the wrong 

sign; that is, III(b) saying wet, and satellite dry, or vice versa. The 

only encouraging feature of the maps was that the regions of agreement were 

generally those along the moist, synoptically active moisture burst axis. 

[As an aside, these same calculations were carried out for III(b) 

temperature analyses and corresponding temperature sensing channels, and 

the results were much more satisfactory; sate1 1 i tes detect temperature 

variation better than they detect moisture variation.] 

iv) Summarizing these results, we conclude that the ECMWF analysis 

yields surprisingly real istic moisture fields in synoptically active 

tropical systems--surprising in that no upper level moisture data went into 

the analysis. This realism implies that the dynamics of the ECMWF model 

are doing a credible job over the data-sparse eastern tropical Pacific. 



3. SATELLITE STATISTICS. 

The f o l l o w i n g  sec t i ons  summarize t h r e e  a n a l y s i s  methodologies 

developed t o  u t i l i z e  s a t e l  1 i t e  channel radiance data:  Emp i r i ca l  Orthogonal 

Funct ions (EOF), h o r i z o n t a l  s t r u c t u r e  f u n c t i o n s  , and i n d i v i d u a l  channel 

ana lys i s .  The approach c o n s i s t s  o f  b o t h  technique development and 

i n t e r p r e t a t i o n .  

a. Bogus channel data: 

Before these techniques cou ld  be implemented, reg ions devoid of 

s a t e l l i t e  data had t o  be e l im ina ted ,  insofar  as poss ib le .  These reg ions  

e x i s t e d  between adjacent  s a t e l  1 i t e  passes , i n  reg ions where passes were 

missed f o r  one reason o r  another, and i n  overcast  reg ions where o n l y  

microwave and upper atmospheric i n f ra red  channels were a v a i l a b l e .  Response 

surface reg ress ion  w i t h  a f u l l  quadrat ic  model was used t o  p r e d i c t  m iss ing  

channels from a v a i l a b l e  p r e d i c t o r  channels. I n  t h e  f i r s t  two types o f  

regions, VTPR channels from NOAA 5 were regressed onto TIROS N channels; i n  

t h e  t h i r d  region, i n f r a r e d  channels were p r e d i c t e d  from a v a i l a b l e  TIROS N 

channels. 

1. Some conf idence e x i s t e d  t h a t  meaningful d i f ferences cou ld  be 

detected between c l e a r  and c loudy regions, because n e a r l y  a l l  T I R O S  

channels a v a i l a b l e  i n  c loudy reg ions were found t o  possess mean b r igh tness  

temperatures d i f f e r e n t  than c l e a r  sky means , w i t h  a s t a t i s t i c a l  conf idence 

exceeding 99%. These di f ferences a r e  l a r g e r  i n  e q u a t o r i a l  reg ions than i n  

s u b t r o p i c a l  regions. 

2. Regressions from TIROS N a r e  s u p e r i o r  t o  those from NOAA 5 i n  

most channels. The s i g n i f i c a n t  exceptions t o  t h i s  s u p e r i o r i t y  a r e  t h e  

b e t t e r  p r e d i c t i o n s  of t he  mois ture channels by the  NOAA 5 VTPR channels. 

An exp lana t ion  i s  unknown a t  t h i s  time; NOAA 5 has some mois ture d e t e c t i o n  
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c a p a b i l i t y  i n  a channel a t  18 micrometers, b u t  if t h i s  channel i s  n o t  

responsible,  t h i s  r e s u l t  must be spurious. The major reasons f o r  t he  

s u p e r i o r i t y  o f  TIROS N in format ion a re  the  d e t e r i o r a t e d  c o n d i t i o n  o f  NOAA 5 

and t h e  existence o f  c o l o c a t i o n  e r r o r s  i n  t ime and space w i t h  respect  t o  

TIROS locat ions.  

3. T IROS N recons t ruc t i ons  were most successful  i n  the  thermal 

channels i n  t h e  4.4 micrometer band, where b e t t e r  than 90% expla ined 

var iance was achieved. The worst  channels were t h e  water vapor channels, 

where only about 40% o f  t he  var iance was explained. Explained var iance i n  

o t h e r  channels was about 80-90%. The reg ress ion  was robus t  and cou ld  be 

a p p l i e d  equal ly  we1 1 t o  non-cal i b r a t i o n  per iods.  

4. NOAA 5 recons t ruc t i ons  were a l s o  successful  i n  t h e  4.4 

micrometer band and i n  the  90 and 700 mb microwave channels, as w e l l ;  

n e a r l y  90% of  t h e  var iance of these channels was explained. A s  p r e v i o u s l y  

mentioned, about 70% o f  t he  mois ture channel var iance was explained. The 

NOAA 5 regression was n o t  robust.  Behavior was super io r  w i t h i n  t h e  

c a l i b r a t i o n  set ,  and rms e r r o r s  were much l a r g e r  when t h e  reg ress ion  

equat ions were a p p l i e d  t o  independent data. 

5. The bogusing procedure increased t h e  a v a i l a b l e  data 

s i g n i f i c a n t l y :  T IROS N regress ions i n  c loudy reg ions increased t h e  

a v a i l a b l e  data by 25%. NOAA 5 regress ions added y e t  another 35% increase. 

6. Map comparisons a t  synop t i c  t imes and t ime  s e r i e s  a t  s p e c i f i c  

l a t i t u d e s  showed marked improvement i n  data coverage and r e s u l t i n g  s i g n a l  , 
us ing  t h e  bogus data. Performance was bes t  i n  reg ions where T I R O S  N passes 

were missing. One unresolved problem i s  t h e  ex i s tence  of " b u l l ' s  eyes" 

in t roduced by bogus data. A 

smoothing procedure w i l l  be developed t o  remove these anomalies. Some 

These a r e  caused mos t l y  by VTPR regressions. 
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b u l l ' s  eyes, however, a r e  r e a l i s t i c .  These a r e  due t o  p r e c i p i t a t i o n  and 

c l o u d  water e f f e c t s  i n  t h e  microwave channels o f  soundings r e t r i e v e d  from 

c loudy regions. Care must be taken n o t  t o  smooth these extrema. 

b. Empir ica l  or thogonal  funct ions:  

The h i g h l y  c o r r e l a t e d  na tu re  o f  the TIROS i n d i v i d u a l  channels can be 

used t o  advantage through EOF decomposition; se ts  o f  i n d i v i d u a l  channels 

c m  he c o l l e c t e d  i n t o  e igenvectors  which more e f f i c i e n t l y  represent  the  

data. These eigenvectors a re  i n t e r p r e t e d  p h y s i c a l l y .  The amp1 i t u d e s  o f  

each e igenvector  can be mapped i n  the h o r i z o n t a l  and can a l s o  be 

i n t e r p r e t e d  p h y s i c a l l y .  

1. Eigenvectors 1 and 2. 

i) Eigenvector 1 i s ,  unambiguously, a t ropospher i c  - average 

temperature s i g n a l .  I t  exp la ins  n e a r l y  65% o f  t he  t o t a l  f i e l d  var iance o f  

t h e  T I R O S  data set .  It v a r i e s  i n s i g n i f i c a n t l y  from t ime p e r i o d  t o  t ime 

per iod.  

i i )  Eigenvector 2 i s ,  unambiguously, a t ropospher i c  mois ture 

s igna l .  Associated w i t h  t h i s  s i g n a l  i s  a weak boundary l a y e r  thermal 

s igna l ,  such t h a t ,  when the  atmosphere i s  moist ,  t h e  boundary l a y e r  i s  

warm. The var iance expla ined v a r i e s  between 12 and 18%. Occasional ly,  

t h i s  e igenvector  i s  n o t  number two, depending on synop t i c  cond i t i on .  

2. Higher o rde r  eigenvectors. 

Eigenvectors 3 through 5 are unique, b u t  t h e i r  r e l a t i v e  o rde r  

v a r i e s  from t ime p e r i o d  t o  t ime per iod.  The p r i n c i p a l  channel c o n t r i b u t o r s  

a r e  the  mois ture channels, t he  microwave channels, and two window channels. 

One o f  t h e  eigenvectors represents spurious scan angle b ias,  p a r t i c u l a r l y  

i n  the  tropopause l e v e l  channels; i t  accounts f o r  3 t o  5% of t he  variance. 

The o t h e r  two channels a re  i n te rp re ted ,  a l t e r n a t i v e l y ,  as e i t h e r  c l o u d  and 
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p r e c i p i t a t i o n  ef fects  i n  t h e  presence of s t rong  convect ion,  o r  as 

cor rec t ions  t o  e igenvector  2 (wet reg ions  t h a t  occas iona l l y  have c o l d  

boundary layers ,  f o r  example). 

3. P r i n c i p a l  Components ( S p a t i a l  Pa t te rns) .  

i )  PC 1 accu ra te l y  descr ibes synopt ic  fea tu res  such as 

f ron ts  and c o l d  t roughs. I t  seems t o  be more accurate than i n d i v i d u a l  

channels and t o  descr ibe  more f i n e  sca le  d e t a i l  than i s  incorpora ted  i n  t h e  

ECMWF analys is .  

i i )  PC 2 accu ra te l y  de l i nea tes  t h e  mois tu re  associated w i t h  

t h e  mois ture bu rs ts  of t h e  case s tud ies .  Time e v o l u t i o n  can be fo l l owed  

e a s i l y .  Mo is tu re  v a r i a b i l i t y  a long t h e  b u r s t  a x i s  can be resolved. 

Mois ture v a r i a t i o n  a long t h e  ITCZ i s  e a s i l y  detected, as i s  t h e  P a c i f i c  d r y  

zone i n  the extreme eas tern  P a c i f i c .  

i i i )  A t  f i r s t  examination, i t  can be concluded erroneously  

t h a t  on l y  two s i g n i f i c a n t  degrees o f  freedom a re  conta ined i n  t h e  e n t i r e  26 

channel TIROS data se t ,  based s o l e l y  on var iance explained. I nspec t i on  o f  

t h e  higher o rde r  ( lower  var iance)  p r i n c i p a l  components suggest t h a t  t he re  

a re  more p h y s i c a l l y - s i g n i f i c a n t  e igenfunc t ions  and degrees o f  freedom. PC 

3 through 5 compress most o f  t h e i r  s i g n a l  i n t o  t h e  s y n o p t i c a l l y  a c t i v e  

reg ions and i n t o  land/sea c o n t r a s t  a long t h e  coas t  o f  Nor th America. 

Var iab le  lapse ra te ,  p r e c i p i t a t i o n  cores, and h i g h  l i q u i d  water  conten t  can 

be i d e n t i f i e d  a long t h e  mois tu re  b u r s t  a x i s  and w i t h i n  t h e  ITCZ. 

i v )  I tems ( i i )  and ( i i i )  above suggest t h e  p o s s i b i l i t y  of 

cons t ruc t ing  a "mois ture b u r s t  f unc t i on " ,  a c o l l e c t i o n  of severa l  

e igenvectors and t y p i c a l  amp1 i t udes  which reproduce t h e  s i g n i f i c a n t  

s t r u c t u r e  of mo is tu re  burs ts .  

v )  The EOF ana lys i s  has been v e r i f i e d  aga ins t  i n d i v i d u a l  
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channel mappings and aga ins t  c loud imagery and radiosonde t ime and space sect ions.  

Often, t h e  p r i n c i p a l  components can d i s t i n g u i s h  s u b t l e  d i f f e r e n c e s  i n  

mois ture content  and d i s t r i b u t i o n .  Although i n d i v i d u a l  channel mappings 

s i g n i f i c a n t  

n a t i o n  should 

a r e  s i m i l a r  t o  PC mappings ( they  must be), t h e r e  arl 

d i f ferences near some o f  t he  r e l a t i v e  extrema. D e t a i l e d  exam 

uncover a d d i t i o n a l  s t r u c t u r a l  d e t a i l  w i t h i n  mo is tu re  bursts .  

c. Channel data: 

Most o f  t he  s i g n i f i c a n t  channel data r e s u l t s  

discussed a l ready  under separate headings. We emphasize t h a t  

channel b r i gh tness  temperatures genera l l y  p rov ide  more 

have been 

maps o f  i n d i v i d u a l  

d e t a i l  than 

equ iva len t  I I I ( b )  analyses , p a r t i c u l a r l y  i n  the  mo is tu re  and microwave 

channels. Features which a re  n o t  apparent i n  I I I ( b ) ,  such as t h e  s p l i t  j e t  

which appears i n  the  May 1979 case study, appear r e a d i l y  i n  the  upper l e v e l  

mois ture channel. Regions o f  i n tense  r i s i n g  mot ion (convect ive cores)  

appear as i s o l a t e d  c o l d  cores i n  t h e  microwave window channel. Comparisons 

o f  Hovmuller-type diagrams f o r  TIROS and I I I ( b )  mo is tu re  v a r i a b l e s  show 

s i g n i f i c a n t  d i f f e r e n c e s  i n  mois ture d i s t r i b u t i o n  i n  the  v i c i n i t y  o f  

mois ture b u r s t  o r i g i n  regions; t he re  i s  more i n tense  s p a t i a l  v a r i a t i o n  i n  

the  channel data, and a d e f i n i t e  wet bias t o  t h e  eas t  o f  t h e  b u r s t  c loud  

a x i s  compared t o  a s l i g h t  I I I ( b )  wet bias t o  the  west o f  t he  bu rs t .  This 

l a s t  i t e m  has repercussions regard ing source o f  mois ture f o r  mois ture 

bu rs ts .  

d. S t r u c t u r e  funct ions:  

For each T I R O S  N channel, t he  c o r r e l a t i o n  c o e f f i c i e n t  was computed as 

a f u n c t i o n  o f  t h e  separat ion d i s tance  between p a i r s  o f  observat ions.  The 

p l o t  o f  t h i s  c o r r e l a t i o n  as a f unc t i on  o f  separat ion d i s tance  g ives a 

measure o f  t h e  h o r i z o n t a l  coherence measured by each channel, and i s  c a l l e d  
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t he  h o r i z o n t a l  s t r u c t u r e  funct ion.  These funct ions v a r i e d  w i d e l y  depending 

on absorber, geographic reg ion  and synop t i c  c o n d i t i o n .  Because o f  t h e  

d i f f e rences  i n  s t r u c t u r e  func t i ons  between the  many channels, i t  i s  

concluded t h a t  t he  T I R O S  observat ion s e t  possesses a number o f  degrees o f  

freedom, i n  s p i t e  o f  the h igh  in ter -channel  c o r r e l a t i o n .  

1. V a r i a t i o n  by absorber. 

i )  The most s i g n i f i c a n t  d i f ference between channels i s  

expla ined by s e n s i t i v i t y  t o  moisture.  Across the  whole domain, t he  water 

vapor channels had the  sma l les t  c o r r e l a t i o n ,  o r  i n t e g r a l  l e n g t h  sca le  ( t h e  

area under t h e  s t r u c t u r e  f u n c t i o n  curve) .  Channels i n s e n s i t i v e  t o  water 

vapor - mos t  microwave channels and i n f r a r e d  channels i n  the  14 micrometer 

band - had the  l a r g e s t  i n t e g r a l  l e n g t h  scale.  I n f r a r e d  channels i n  the  4.4 

micrometer band, which a re  somewhat s e n s i t i v e  t o  water vapor, a r e  

intermediate.  

i i )  I n  s u b t r o p i c a l  regions, where water vapor i s  n o t  a 

s t rong  f a c t o r  f o r  upwe l l i ng  r a d i a t i o n ,  t h e  i n t e g r a l  l e n g t h  sca le  o r  

c o r r e l a t i o n  was s t r a t i f i e d  by nominal e l e v a t i o n  o f  t h e  weight ing f u n c t i o n :  

The h igher  i n  t h e  atmosphere a channel 's  we igh t i ng  f u n c t i o n  peaked, the  

l a r g e r  was t h e  i n t e g r a l  l e n g t h  scale.  The phys i ca l  i m p l i c a t i o n  i s  t h a t  

atmospheric l e n g t h  scales i n  t h e  sub t rop i cs  a re  l a r g e r  i n  t h e  upper 

troposphere and decrease u n i f o r m l y  toward t h e  surface. 

i i i )  Microwave channels peaking a t  t he  sur face and tropopause 

were anomalous. The sur face channel, which i s  s e n s i t i v e  t o  va ry ing  ocean 

e m i s s i v i t y  and t o  c loud  and p r e c i p i t a t i o n  e f f e c t s ,  had the  sma l les t  

i n t e g r a l  length scale o f  a l l  channels i n  a l l  cond i t i ons ;  i t s  magnitude was 

sometimes less than 500 km. The i n t e g r a l  l e n g t h  sca le  f o r  t he  tropopause 

channel was small  f o r  an upper atmospheric channel; t h i s  anomalous behavior 
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is thought to be caused by scan angle bias, which plagued this channel. 

iv) Excepting the microwave channel, window and near-surface 

channels generally had the largest integral length scales. Thus, if the 

scales of surface thermal anomalies are reflected in the near surface 

integral length scales, atmospheric synoptic scale events respond on 

different length scales than the surface forcing. 

2. Variation by geographic region. 

The correlation data were stratified by iatitudinai bana to separate 

equatorial and subtropical behaviors, This stratification had, as a 

necessary consequence, the effect of emphasizing east-west variations at 

the larger scales. In a 15" wide belt, meridional variations with scales 

larger than about 1000 km are not sensed. 

i )  Structure functions i n  the subtropical strip (15-30"N) 

followed trends established for the entire region fairly closely, except 

the integral length scales were smaller; the large correlation associatea 

with the north-south temperature contrast was poorly sampled. The integral 

scale of the water vapor channel was smallest. Structure functions for 

most channels became negative between 1500 and 2000 km, indicating wave- 

type activity at about this same length scale. 

i i )  In the equatorial strip, 15'N-10°S, structure functions were 

markedly different. All thermal channels were much smaller, with integral 

length scales of about half their subtropical values. The largest integral 

length scale occurred in water vapor channels. They exceeded subtropical 

thermal length scales by about 50% and subtropical moisture scales by about 

50% as well. Stratospheric integral scales are very small, suggesting 

substantial tropical tropospheric contributions. Finally, negative 

correlations are generally absent, indicating weaker equatorial wave 
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behavior. 

3. Synoptic v a r i a t i o n s .  

S t ruc tu re  func t i ons  were computed f o r  two d i f f e r e n t  'days, each w i t h  

very d i f f e r e n t  synop t i c  behavior. I n t e g r a l  sca les f o r  t he  thermal and 

surface/window channels were about 20% sma l le r  f o r  t he  case o f  weaker 

synop t i c  a c t i v i t y .  Larger d i f f e r e n c e s  e x i s t e d  f o r  thermal channels 

s e n s i t i v e  t o  water vapor, even though t h e  d i f ferences i n  the  water vapor 

channels themselves were n o t  n e a r l y  so great .  It i s  c l e a r  t h a t  more 

synop t i c  v a r i a b i l i t y  comparisons need t o  be made. 
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4. DEFINITION AND CLIMATOLOGY. 

Moisture bursts, which have been known to exist for at least 25 years, 

have only recently been evaluated quantitatively. This section summarizes 

moisture burst definition and the mean behavior of moisture bursts over the 

northeastern Pacific. Considerable development work preceded an objective 

definition of the synoptic scale event. This definition was utilized to 

develop a climatology of moisture burst occurrence, and to extend this 

occurrence record to the atypical El Wir io jSo i i tk rn  Oscillaticn event o f  
.., 

1982-83. A subset of this climatology, based on infrared imagery, was 

utilized to develop a circulation climatology at upper and lower 

tropospheric levels. 

a. Moisture burst definition 

An objective definition was developed so that moisture bursts could be 

identified and quantified nearly uniquely from unenhanced infrared imagery. 

1. Definition. A moisture burst is defined as a continuous band 

of upper- and mid-level clouds, at least 2000 km in length, which crosses 

15'N. Bursts are defined to begin at the first evidence of poleward 

progression of a cloud mass out o f  the inter-tropical convergence, or the 

southward movement of a frontal cloud band south of 15'N. Both of these 

types are included because, after initiation, these two kinds of events are 

indistinguishable. Moisture bursts are defined to end when the cloud band 

becomes shorter than 2000 km, or when it no longer crosses 15'N. 

2. Motivation of Definition, This definition was formulated to 

capture a specific class of similar-appearing events, which it did. The 

essential characteristics of these events, from a morphological point of 

view, are that they are synoptic in time and length scale (they last, on 

average, 4.5 days), and that they represent tropic/extratropic interaction. 
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Physica l  mechanisms are  n o t  emphasized i n  t h e  d e f i n i t i o n  because they  a r e  

n o t  w e l l  known and a re  n o t  o b j e c t i v e l y  de tec tab le  i n  s a t e ' l l i t e  imagery. 

I f  o t h e r  data had been used i n  t h e  d e f i n i t i o n ,  such as water  vapor imagery, 

a s l i g h t l y  d i f f e r e n t  d e f i n i t i o n  would have resu l ted .  

b. Cl imatology: 

1. D i s t r i b u t i o n .  About 10 mois tu re  bu rs ts  per  month develop 

randomly between 160'E and 12O"W d u r i n g  t h e  no r the rn  hemisphere c o o l  

season. The l o n g i t u d i n a l  d i s t r i b u t i o n  over  t h e  course o f  a six-month cool  

season i s  n e a r l y  uni form. These conclus ions a r e  based on observa t ion  o f  

180 moisture bu rs ts  over th ree  six-month c o o l  seasons. Only t h e  area 

between 160"E and South America was examined f o r  t h i s  study, though t h e  

bu rs ts  occur i n  o the r  areas a lso.  

2. E x t r a t r o p i c  I n t e r a c t i o n .  Near ly  60% o f  mo is tu re  b u r s t s  a r e  

conf ined t o  t h e  subt rop ics  south o f  35'N, a l though 10% of them cross 55'N. 
-. -, 

3. E l  Nino Behavior. Dur ing E l  Nino and summer seasons, when 

t h e  Hadley c i r c u l a t i o n  i s  s t rong,  mo is tu re  b u r s t  frequency decreases 

s i g n i f i c a n t l y .  Dur ing t h e  1982-83 ENS0 event, b u r s t  a c t i v i t y  decrease 40%. 

Bursts  were n o t  observed a t  a l l  i n  the  s t r o n g l y  convec t ive  zone over  t h e  

warm ocean anomaly t h a t  propagated eastward across t h e  Pac i f i c .  Bu rs t  

a c t i v i t y  was anomalously s t rong  eas t  o f  120°W, where b u r s t s  a re  normal ly  

i n f requen t .  

c. C i r cu la t i on :  

F o r t y  mois ture bu rs ts  were i d e n t i f i e d  t o  form a composite of upper 

(200 mb) and lower  (850 mb) c i r c u l a t i o n  pa t te rns  f rom ECMWF wind analyses. 

1. Trough. An upper l e v e l  t rough w i t h i n  2000 km t o  t h e  

northwest o f  a mois ture b u r s t  i s  a ub iqu i tous  f e a t u r e  w i t h  a l l  burs ts .  I t  

does n o t  always precede t h e  bu rs t ,  b u t  always i n t e n s i f i e s  as t h e  b u r s t  
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develops. The t rough commonly, b u t  not  always, propagates eastward w i t h  t h e  

, b u r s t  c loud  mass. I n  fact ,  one t y p i c a l  mechanism of b u r s t  cessa t ion  i s  t he  

over-running of t h e  c loud  band by t h e  trough. 

2. Winds. I n  a l l  cases there i s  a l s o  a s t reng then ing  o f  t h e  

sou thwes te r l i es  along the  mois ture burst  ax i s .  I n  e q u a t o r i a l  areas, t h i s  

j e t  i s  n o t  w e l l  documented, b u t  along the  b u r s t  ax is ,  i t  i s  g e n e r a l l y  

‘ -&-----&-A 
I I I L C I  P I  CLCU as t h?  s u b t r o p k a l  j e t .  

3. Low-level features.  A number o f  t y p i c a l  e q u a t o r i a l  f ea tu res  

a r e  associated w i t h  the  low- level  c i r c u l a t i o n  beneath mo is tu re  b u r s t  c loud  

masses: e a s t e r l y  waves, co l s ,  and e q u a t o r i a l - c r o s s i n g  v o r t i c e s .  

Un fo r tuna te l y ,  d i f f e r e n t  ope ra t i ona l  analyses i d e n t i f y  d i f f e r e n t  synop t i c  

f ea tu res  f o r  t he  same bu rs t .  For the f o r t y - b u r s t  c l imato logy,  n e a r l y  50% 

were associated w i t h  co ls ,  35% w i t h  wavelike features,  and about 15% w i t h  

no p a r t i c u l a r  disturbance. When disturbances a re  present,  t h e  c loud  mass 

u s u a l l y  has i t s  o r i g i n  i n  a n t i c y c l o n i c a l l y  c u r v i n g  f l o w  t o  t h e  eas t  of t h e  

wave a x i s  o r  c o l  conf luence l i n e .  These l i n e s  normal ly  a r e  a l i g n e d  w i t h  

t h e  l ong  a x i s  o f  t h e  c loud mass. 
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5. SYNOPTIC CASE STUDIES. 

Add i t iona l  i n s i g h t  i n t o  t h e  s t r u c t u r e  and behavior  o f  mo is tu re  bu rs ts  

was sought by us ing  case s tud ies  of i n d i v i d u a l  burs ts .  Cases se lec ted  

i nc lude  two consecut ive w i n t e r  bu rs ts  (20-29 January 1979) and a s p r i n g  

b u r s t  (13-17 May 1979). These cases were se lec ted  because o f  t h e  b e t t e r  

data coverage a v a i l a b l e  form t h e  Specia l  Observing Per iods o f  t h e  FGGE. 

a. Evo lu t i on  o f  a mo is tu re  bu rs t :  

The fo l l ow ing  l i s t s  severa l  o f  t h e  features c h a r a c t e r i s t i c  o f  t h e  

evo lu t ionary  behavior  of the  mois tu re  burs ts :  

1. About two- th i rds  o f  t h e  b u r s t s  develop from an impulse 

hav ing a near-equator ia l  o r i g i n ;  t h e  remainder a re  associated w i t h  a c o l d  

outbreak o r  f r o n t a l  impulse. An upper j e t  c u r r e n t  develops and i n t e n s i f i e s  

over and west o f  t h e  o r i g i n  reg ion  and develops a d i s t i n c t  p e r t u r b a t i o n  

which increases i n  ampl i tude as t h e  b u r s t  develops. There i s  evidence i n  

t h e  f i r s t  January case and i n  t h e  May case t h a t  t h e  j e t  develops o u t  of t h e  

near-equator ia l  reg ion.  As i t s  ampl i tude increases i t  merges w i t h  t h e  

s t rong  winds ( sub t rop i ca l  j e t ? )  o f  t h e  associated sub t rop i ca l  o r  midd le  

l a t i t u d e  upper trough. Th is  i s  n o t  s imp ly  an i n t e n s i f i c a t i o n  of 

equatorward (southward) moving e x t r a t r o p i c a l  f ea tu res  (a1 though t h i s  

e v o l u t i o n  does take p lace  w i t h  some mois tu re  bu rs ts ) .  

2. There i s  o f t e n  evidence of c ross-equator ia l  f low a t  bo th  

upper and lower l e v e l s  w i t h  t h e  development o f  t h e  mois tu re  bu rs t .  Even 

w i t h o u t  cross-equator ia l  f low,  s t rong  mer id iona l  winds c h a r a c t e r i s t i c a l l y  

occur i n  the o r i g i n  reg ion.  

3. The c loud a x i s  and t h e  upper t rough a x i s  approach each o t h e r  

as t h e  cloud band widens t o  t h e  n o r t h  and e longates northeastward. 

4. D i s s i p a t i o n  o f  bu rs ts  i s  usua l l y ,  b u t  n o t  always, t r i g g e r e d  



by cessa t ion  of t h e  deep t r o p i c a l  convect ion associated w i t h  t h e i r  o r i g i n .  

The downstream consequences and developments of mois ture b u r s t s  were 

n o t  examined i n  d e t a i l  f o r  reasons s tated i n  the  f i r s t  chapter. We p o i n t  

o u t  t h a t  t he re  a re  s i g n i f i c a n t  cases of extens ive r a i n f a l l  and/or 

cyclogenesis over Mexico o r  t h e  southern Uni ted Stated as mo is tu re  b u r s t s  

i n t r u d e  on those regions. 

b. Mois ture d i s t r i b u t i o n :  

Conclusions about the mo is tu re  d i s t r i b u t i o n  associated w i t h  mo is tu re  

This  shortcoming b u r s t s  a r e  s e n s i t i v e  t o  t h e  p a r t i c u l a r  observing system. 

must be corrected.  Nonetheless, t h e  f o l l o w i n g  may be s ta ted :  

1. Moisture f i e l d s  as developed dynamical ly  i n  t h e  ECMWF 

a n a l y s i s  scheme appear reasonable and imp ly  t h a t  t h e  synopt ic-scale 

dynamical development i s  a r e l e v a n t  mechanism i n  e s t a b l i s h i n g  v e r t i c a l  

mot ion i n  mois ture bursts .  These analyses suggest t h a t  t h e  pr imary source 

o f  mo is tu re  i s  large-area-averaged v e r t i c a l  mot ion w i t h i n  t h e  ITCZ. 

Downstream, the  mois ture b u r s t s  cease l o o k i n g  l i k e  I T C Z  systems. 

2. The rawinsonde data a v a i l a b l e  suggest t h a t  t h e r e  i s  s t rong  

convect ion underneath the  mois ture bu rs t  clouds throughout a s i g n i f i c a n t  

p o r t i o n  o f  t h e  l e n g t h  o f  t he  system; thus the  c loud  mass i s  n o t  s imply  

advected. A l s o ,  i t  i s  unc lear  whether t h e  mois ture source i s  t o  the  west, 

t h e  eas t  o r  t h e  south o f  t h e  o r i g i n  region. 

3. Mois ture d i s t r i b u t i o n s  i n  t h e  May case and water vapor 

channel imagery i n  a number o f  cases suggest t h a t  t h e  mois ture b u r s t  may be 

a merging o f  bo th  t r o p i c a l  and e x t r a t r o p i c a l  d isturbances. This  merging i s  

suggested as w e l l  i n  temperature f i e l d s  determin ing from radiosonde data. 

4. Not o n l y  a re  moisture b u r s t s  reg ions of h i g h  mois ture 

content;  t hey  a r e  reg ions o f  h igh  mois ture v a r i a b i l i t y  as w e l l .  These 
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s i g n a l s  are o f t e n  undetected i n  t h e  t r o p i c a l  boundary l a y e r .  

c. B a r o c l i n i t y ,  j e t  s t r u c t u r e  and wind d i s t r i b u t i o n :  

1. 24-h thermal v a r i a t i o n s .  Temperatures, bo th  i n  the  lower  and 

upper troposphere, show s i g n i f i c a n t  i n t e r d i u r n a l  v a r i a t i o n s  d u r i n g  mois tu re  

burs ts ,  occas iona l l y  exceeding 10K pe r  day. These changes imp ly  s t r o n g l y  

b a r o c l i n i c  mechanisms. Probably l e s s  than h a l f  o f  t h e  b a r o c l i n i t y  can be 

a t t r i b u t e d  t o  t h e  equatorward surges of m i d d l e - l a t i t u d e  a i r .  

2. Frontogensis and J e t  Acce le ra t ion .  One consequence of t h e  

b a r o c l i n i t y  i s  t h e  s t rong upper winds associated w i t h  t h e  bu rs t .  Even 

though the b a r o c l i n i t y  assoc iated w i t h  the  bu rs ts  i s  much weaker than t h a t  

o f  middle l a t i t u d e s ,  speeds o f t e n  exceed 30 m/sec, w i t h  d i r e c t i o n s  

s i g n i f i c a n t l y  d i f f e r e n t  from 270'. Th is  j e t  o f t e n  develops t o  t h e  south of 

what would cus tomar i l y  be i d e n t i f i e d  as t h e  sub t rop i ca l  je ts t ream.  I n  

n e a r l y  1 /3  o f  mo is tu re  bursts ,  t h e  j e t  i s  swept southward w i t h  a f r o n t a l  

system and u s u a l l y  undergoes f u r t h e r  acce le ra t ion .  

3. Smal ler  Scale Features. The mois tu re  bu rs ts  o f  t h e  eas tern  

P a c i f i c  Ocean occur above t h e  low- leve l  e a s t e r l i e s .  Patches of s t rong  

wes te r l i es  can occur west o f  t h e  o r i g i n  reg ion.  Trans ien t  e a s t e r l y  waves 

have been observed t o  m ig ra te  through t h e  o r i g i n  reg ion  as w e l l ;  t h e  

cause-effect r e l a t i o n  o f  these waves i s  uncer ta in .  High ampl i tude 

temperature anomalies (10K) have been de tec ted  i n  t h e  upper troposphere. 

Complex ho r i zon ta l  and v e r t i c a l  p r o f i l e s  o f  wind seem re levan t .  
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6. PROCESSES AND BUDGETS. 

Only p r e l i m i n a r y  e f f o r t s  have been attempted t o  a s c e r t a i n  cause w i t h  

respect  t o  mo is tu re  b u r s t s  and ef fect  mechanisms. Most o f  t h i s  work has 

been l i m i t e d  t o  FGGE I I I ( b )  data. 

a. Moisture:  

Attempts t o  est imate mois ture f l u x e s  and budgets associate6 w i t h  

mois ture b u r s t s  of t h e  eastern North P a c i f i c  Ocean area met w i t h  mixed 

success. Two c a l c u l a t i o n s ,  one based on t h e  FGGE 11-b data (radiosondes 

and dropwindsondes) and the  o t h e r  on the FGGE 111-b data s e t  ( t h e  gr idded 

analyses) were employed. Conclusions based on the  r e s u l t s  and t h e i r  

comparisons fo l low:  

1. Ca lcu la t i ons  o f  water vapor f l o w  across l a t i t u d e  l i n e s  ( t h e  

northward and southward f l u x e s )  provided a f a i r  rep resen ta t i on  o f  r e a l i t y ,  

e s p e c i a l l y  when based on the  dropwindsonde data (however, t h e r e  i s  concern 

rega rd ing  the  accuracy o f  dropsonde moisture p r o f i l e s ) .  The f l u x e s  across 

var ious segments o f  t h e  l a t i t u d e  c i r c l e  u s u a l l y  match what would be 

expected from the  synop t i c  behavior o f  t h e  atmosphere i n  the  v i c i n i t y  o f  

t he  mo is tu re  bu rs t .  

2. Water vapor f l o w  i n t o ,  o r  o u t  of, smal l  volumes does n o t  seem 

t o  be w e l l  represented by e i t h e r  fo rm o f  data. The FGGE 111-b analyses 

l i k e l y  a r e  the  poorer  data f o r  synopt ic i n v e s t i g a t i o n s  because t h e  data 

a n a l y s i s  procedures tend t o  be biased toward the  c l i m a t o l o g i c a l  s t r u c t u r e  

where data a re  scarce, as i s  always the  case i n  the  area being 

i nves t i ga ted .  

3. The r e s u l t s  a l s o  may be b iased because o f  t he  quest ionable 

accuracy o f  t h e  i n i t i a l  data. This  i s  p a r t i c u l a r l y  t r u e  w i t h  t h e  mois ture 

analyses o f  t he  FGGE 111-b s e t  because o f  problems w i t h  the  hand l i ng  o f  
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moisture by t h e  ana lys i s  model used. 

The r e s u l t s  obtained from the  mois ture budget s tudy a re  probably the  

l e a s t  s a t i s f y i n g  and l e a s t  r e l i a b l e  product  of our  e f f o r t s .  General ly,  

conf idence o f  even t h e  c o r r e c t  s i g n  of t h e  f l u x  convergence- is  l ack ing .  On 

the  o t h e r  hand, t h i s  i s  where t h e  s a t e l l i t e - d e r i v e d  i n f o r m a t i o n  may prove 

t o  be most valuable.  By no means do we consider  ou r  e f f o r t s  toward 

eva lua t i on  o f  these mois ture budgets t o  be completed. 

b. Mass budge t / ve r t i ca l  motion: 

1. Surface Pressure. F i e l d s  o f  sur face pressure were analyzed 

t o  determine system movement and mass changes associated w i t h  synop t i c  

development. Although the  data a re  noisy,  t ime s e r i e s  represent  a coherent 

view of an i n t e n s i f y i n g  low pressure system t h a t  moves s l o w l y  t o  the  

eas t  northeast.  

2. Mass budget. The same a n a l y s i s  was repeated w i t h  surface 

pressures computed k i n e m a t i c a l l y  from t h e  v e r t i c a l l y  i n t e g r a t e d  divergence. 

An incoherent no i sy  f i e l d  resu l ted .  Over t h e  e n t i r e  s tudy reg ion,  a b ias  

i n  divergence e x i s t e d  such t h a t  a l a r g e  systemat ic pressure increase should 

have been observed across the  domain; i t  was not.  

3. Kinematics. F i n a l l y ,  t he  850 and 200 mb winds were s p l i t  

Although the  gross p a t t e r n  i n t o  non-divergent and i r r o t a t i o n a l  components. 

o f  v e l o c i t y  p o t e n t i a l  f i t  t h e  c loud  t o p  b r igh tness  temperature p a t t e r n ,  

synopt ic  scale correspondence was lack ing .  The upper l e v e l  cen te r  of 

divergence, supposedly associated w i t h  t h e  e v o l v i n g  mo is tu re  b u r s t ,  d i d  n o t  

occur i n  even t h e  c o r r e c t  hemisphere. Mo is tu re  channel b r i gh tness  

temperatures, used as an a l i a s  f o r  r i s i n g  motion, d i d  no b e t t e r  than the  

k inemat ic  analysis,  a l though p a t t e r n s  were s i m i l a r .  P a r t  o f  t he  problem of 

deducing divergence from mean wind p a t t e r n s  i s  t h a t  t h e  d i v e r g e n t  component 



of the wind tends to align itself with the mean wind (or non-divergent 

part); thus divergence seems to be caused more by speed changes than by 

directional changes. The streamline pattern, therefore, will carry little 

useful information pertaining to divergence. 

c. Momentum budget: 

1. Zonal winds. As moisture bursts develop, the vertically and 

zonally integrated zonal wind increases magnitude significantly throughout 

the domain from 30"N to 10"s. Two westerly maxima are observed, one at 

23"N and the other at about 4"N. This momentum increase seems to propagate 

weakly from the northern boundary at 30"N to the equator. 

2. Boundary layer winds. Although observations are poor, the 

moisture burst stratifies boundary layer winds and shear into four 

different behaviors, including a strong equatorial westerly zone to the 

west of the moisture burst. Time sections of wind sounding are indicative 

of the variations to be expected with tropical upper tropospheric troughs 

(TUTT). In many of the analyses, synoptic scale wind changes are difficult 

to detect below 500 mb. 

3. Hadley Cell. In the zonal average, moisture bursts look like 

local intensifications of the mean meridional Hadley cell. When moisture 

bursts are absent, the mean tropical meridional circulation may reverse, 

with near-equatorial subsidence. 

4. Momentum Budget. Each 

was calculated and mapped for each 

vertical integral. Only prelim nary 

been completed. 

term of the zonal momentum equation 

time period and level, and for the 

nterpretation of this calculation has 

i )  

i i )  

Almost no coherent pattern appears below 500 mb. 

The ageostrophic component (the difference between pressure 
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and C o r i o l i s  forces)  possesses a coherent pa t te rn ,  b u t  i t  i s  weak; t h i s  

p a t t e r n  i s  l i m i t e d  t o  reg ions  n o r t h  of 10"N, as i t  i s  w i t h  n e a r l y  a l l  the  

terms. 

i ii ) Boundary terms-- f luxes and zonal pressure forces--are 

smal l ,  except poss ib l y  a long t h e  western p o r t i o n  o f  t h e  no r the rn  border  o f  

t h e  domain. 

i v )  As w i t h  most momentum studies,  t he  r e s i d u a l  term makes a 

l a r g e  coherent c o n t r i b u t i o n  t o  t h e  momentum budget. 

d. Object ive ana lys is :  

Comparison of ECMWF and GFDL s t reaml ine  ana lys i s  w i t h  t h e  I I ( b )  data 

suggests tha t  s i g n i f i c a n t  pieces o f  wind in format ion a re  n o t  be ing  accepted 

by t h e  Optimal I n t e r p o l a t i o n  (01) process. I n  data sparse reg ions,  where 

r a p i d  synopt ic  development i s  occur r ing ,  accurate data a r e  l i k e l y  t o  be 

f lagged and de le ted  by t h e  ana lys i s  because they d i f f e r  t o o  much from t h e  

model-generated f i r s t  guess. We s u b j e c t i v e l y  re-analyzed a number o f  300- 

and 850-mb maps t o  examine t h e  e f f e c t  o f  i n c o r p o r a t i n g  t h e  f lagged, 

quest ionable data i n t o  the  ana lys is .  L i t t l e  cou ld  be done a t  850 mb 

because very l i t t l e  data e x i s t e d  a t  a l l .  A t  upper l e v e l s ,  a 

s i g n i f i c a n t l y - d i f f e r e n t ,  coherent p i c t u r e  emerged as an a l t e r n a t i v e  

ana lys i s .  Development was much more vigorous, w i t h  winds i n  excess o f  80 

m/sec observed, tw ice  t h e  magnitude o f  those analyzed through 01. I n  t h e  

reana lys i s ,  t h e  sub t rop i ca l  j e t  (supposedly) appears t o  emerge d i r e c t l y  

f rom t h e  moisture b u r s t  as a d i r e c t  r e s u l t  o f  i t s  development. Ana lys is  o f  

t h e  momentum budget, us ing  t h i s  a l t e r n a t e  wind ana lys is ,  has n o t  y e t  been 

attempted. 



7. PUBLICATIONS AND OTHER DOCUMENTS PREPARED FOR NASA CONTRACT NAS8-35182 

The c o n t r a c t  r e s u l t s  a re  i n  t h e  f o r m  o f  s c i e n t i f i c  a r t i c l e s  and o t h e r  

s i m i l a r  documents. These inc lude  a r t i c l e s  submit ted t o  s c i e n t i f i c  

j ou rna ls ,  Texas A&M theses and d i sse r ta t i ons ,  and extended abs t rac ts  and 

p r e p r i n t  papers o f  presentat ions a t  s c i e n t i f i c  and t e c h n i c a l  conferences. 

There have been 22 o f  these documents prepared as a p a r t  o f  t he  c o n t r a c t  

a c t i v i t y .  The t o t a l  pages i nvo lved  i n  a l l  t he  manuscripts approaches 900, 

f a r  t o o  many t o  i nc lude  i n  t h i s  F ina l  Report. Rather, we have chosen t o  

l i s t  a l l  t he  documents, i n c l u d i n g  the  abs t rac ts  o f  t he  l onger  a r t i c l e s  i n  

the  remainder of t h i s  sect ion.  Since t h i s  would leave our  F i n a l  Report 

w i t h o u t  any q u a n t i t a t i v e  o r  p i c t o r i a l  summarization o f  t h e  r e s u l t s  o f  our  

research e f f o r t s ,  we have chosen t o  inc lude t h e  dozen Conference p r e p r i n t  

papers as an Appendix, i n  the  order i n  which they were prepared and 

presented. They o f f e r  a summary o f  our  s tud ies;  however, t hey  do n o t  span 

t h e  e n t i r e  range o f  accomplished tasks, repo r ted  i n  the  l onger  documents. 
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Published papers: 

McGuirk, J . ,  L. Anderson and A. Thompson, 1985: 

S a t e l l i t e - d e r i v e d  synop t i c  c l i m a t o l o g y  i n ,  data-sparse 

regions. Adv. Space Res., Vol. 5, No. 6, pp. 45-48. 

McGuirk, J. P., A. H. Thompson and N. R. Smith, 1987: Mo is tu re  

- - 

b u r s t s  over t h e  t r o p i c a l  P a c i f i c  Ocean. Mon. Wea. Rev., - - -  
115, 787-798. - 

Paper submitted and re tu rned  f o r  r e v i s i o n  recommended by  e d i t o r s  and 

reviewers; r e v i s i o n  i s  be ing  prepared now: 

McGuirk, J. P., A. H. Thompson and L. L. Anderson, Jr., 1987: 

Views o f  synop t i c  sca le  mo is tu re  v a r i a t i o n  over  t h e  t r o p i c a l  

P a c i f i c  Ocean. Submitted t o  Mon. Wea. Rev. - - -  
Paper submitted f o r  p u b l i c a t i o n .  

Thompson, A. H., J. P. McGuirk and J. R. Schaefer, 1987: 

Synopt ic behav io r  o f  eas te rn  P a c i f i c  mo is tu re  bu rs ts .  To be 

Submitted t o  Mon. Wea. Rev. - - -  
Papers s t i l l  i n  d r a f t  form, be ing  prepared f o r  submission: 

Thompson, A. H., and J. P. McGuirk, 1987: Synopt ic  sca le  

mo is tu re  budgets o f  t h e  t r o p i c a l  eas te rn  P a c i f i c  Ocean 

( t e n t a t i v e  t i t l e ) .  

Forecas t ing  o r  Mon . Wea . Rev. 

To be submi t ted  t o  Weather - and 

- - -  
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Doctoral  D i s s e r t a t i o n :  

Anderson, L loyd  L., Jr., 1986: " M u l t i s p e c t r a l  Analys is  o f  a 

T rop ica l  Radiance Set f r o m  t h e  TIROS Operat ional  V e r t i c a l  

Sounder." Doctora l  D i s s e r t a t i o n  submit ted t o  Texas A&M 

U n i v e r s i t y .  228 pp. 

Master 's  Theses: 

Snyder, Bruce Alan, 1985: "The Divergent  Wind Component i n  Data 

Sparse T rop ica l  Wind Fields." A Master o f  Science Thesis 

submit ted t o  Texas A&M Un ive rs i t y .  105 pp. 

Schaefer, James Royal, 1985: "Observing t h e  Synopt ic S t r u c t u r e  

o f  Two Mois ture Bursts." A Master o f  Science Thesis 

submit ted t o  Texas A&M Un ive rs i t y .  145 pp. 

Stockton, Jay Richard, 1986: "The S t r u c t u r e  of a Late-Spr ing 

Mois ture Burst ."  A Master o f  Science Thesis submit ted t o  

Texas A&M U n i v e r s i t y .  90 pp. 

Smith, N e i l  Ray, 1986: "A Cl imatology o f  T r o p i c a l  Mois ture 

Bursts  i n  the  Eastern North P a c i f i c  Ocean." A Master o f  

Science Thesis submit ted t o  Texas A&M U n i v e r s i t y .  77 pp. 

Papers presented a t  s c i e n t i f i c  conferences and p r i n t e d  i n  p r e p r i n t  o r  

proceedings v o l  umes : 

McGuirk, J. P., A. H. Thompson, L.  L. Anderson, Jr., and N. R. 

Smith, 1984: R e l i a b i l i t y  o f  c i r c u l a t i o n  s t a t i s t i c s  over t h e  

t r o p i c a l  P a c i f i c  Ocean based on FGGE data. Proceedings of 

- the E igh th  Annual C1 imate Diagnost ics  Workshop, Oct. 17-21, 

1983, Downsview, Ontario. pp. 247-257. 

McGuirk, J., and A. Thompson, 1984: T rans ien t  t r o p i c a l  

d is turbances w i t h i n  the P a c i f i c  Hadley c e l l .  P o s t p r i n t  
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Volume, 15th Technica l  Conference on Hurr icanes and T rop ica l  

Meteorology., Amer. Meteor. SOC. , Miami FL. pp. 137-142. 

- - - 

McGuirk, J., L. Anderson and A. Thompson, 1984: S a t e l l i t e -  

der ived  synopt ic  c l ima to logy  i n  data-sparse regions. COSPAR 

Symopsium on Space Observations f o r  C1 imate Studies , Graz , 

Aust r ia ,  25-29 June, 1984. Paper 4.6.1. Th is  paper was 

- - 

a l s o  publ ished i n  Adv. Space Res. See i t em under "Publ ished 

paper. I t  

- - 

Thompson, A., J. McGuirk , L. Anderson and N. Smith, 1984: 

Analys is  o f  t r o p i c a l  synopt ic  d is turbances us ing  

s a t e l l i t e - d e r i v e d  soundings and rad iance data f rom se lec ted  

McGu 

channels. P r e p r i n t  Volume, Conference on Sate l l i te /Remote 

Sensing and App l ica t ions .  Amer. Meteor. SOC. , Clearwater 

Beach, FL, pp. 137-142. 

r k ,  J . ,  A. Thompson and N. Smith, 1985: Observing t h e  

eastern P a c i f i c  Hadley c i r c u l a t i o n .  Proceedings of t h e  

N in th  Cl imate Diagnost ics  Workshop, Oct. 22-26, 1984, 

Corval 1 i s , OR. 

- 
- 

- -  

429-436. 

Thompson, A., J. McGuirk and L. Anderson, 1985: Comparisons 

between t r o p i c a l  synopt ic  mo is tu re  f i e l d s  as determined from 

ana lys i s  and from observat ions.  - Proc. - - 16th Conf. - on 

Hurr icanes - and Trop ica l  Meteorology. , Houston, TX, Amer. 

Meteor. SOC. , pp. 54-55. 

McGuirk, J., and A. Thompson, 1985: Two modes i n  t h e  P a c i f i c  

Hadley c e l l .  x. - c i t . ,  pp. 136-137. 

Smith, N., J. McGuirk and A. Thompson, 1985: The synopt ic  

s t r u c t u r e  o f  t r o p i c a l  P a c i f i c  mo is tu re  burs ts .  2. c., 
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pp. 192-193. 

McGuirk, J. P., A. H. Thompson and B. A. Snyder, 1986: 

Comparisons o f  FGGE I I b  and I I I b  winds i n  a t r o p i c a l  

synopt ic  system. P rep r in t s ,  N a t ' l .  - Conf. , S c i e n t i f i c  

Resul ts  o f  t h e  F i r s t  GARP Global  Experiment. Miami, FL, 

Amer. Meteor. S O ~ . ,  pp. 40-43. 

---- 

McGuirk, J. P., A. H. Thompson and L. L. Anderson, Jr., 1986: 

Winter t ime d is turbances i n  the  t r o p i c a l  P a c i f i c :  FGGE I I I b  

and s a t e l l i t e  comparisons. 9. - c i t .  , pp. 44-47. 

Thompson, A. H. and J. P. McGuirk, 1986: 

budgets o f  "mois ture bursts . "  9. - c i t . ,  pp. 212-215. 

Mo is tu re  t ranspor t s  and 

McGuirk, J. P., L. L. Anderson, Jr., and A. H. Thompson, 1986: 

T rop ica l  synop t i c  i n t e r p r e t a t i o n  of  in te r -channe l  

c o r r e l a t i o n s  f rom TIROS-N. P rep r in t s ,  Second - -  Conf. on 

Sate1 1 i t e  Meteorol  ogy/Remote Sensing and Appl i c a t i o n s  , 
Wil l iamsburg, VA, Amer. Meteor. SOC., pp. 118-122. 

The reminder o f  t h i s  sec t i on  conta ins the  a b s t r a c t s  o f  t h e  pub l ished 

s c i e n t i f i c  papers, t h e  papers a l ready submi t ted f o r  p u b l i c a t i o n ,  t h e  

d i s s e r t a t i o n  and t h e  f o u r  theses. 

Repr in ts  o f  papers contained Conference P r e p r i n t  Volumes a r e  

cont inued i n  the  Appendix. 
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SATELL ITE-DERIVED SYNOPTIC CLIMATOLOGY I N  DATA-SPARSE REGIONS 

by 

J.  P. McGuirk, L. L. Anderson, Jr., and A. H. Thompson 

ABSTRACT 

Synoptic-scale "moisture b u r s t s "  a r e  def ined, based on i n f r a r e d  GOES 

imagery, and t h e i r  synopt ic  c l ima to logy  i s  developed. Q u a n t i t a t i v e  

ana lys i s  o f  s a t e l l i t e - d e r i v e d  i n d i v i d u a l  channel radiance data and v e r t i c a l  

e igenfunct ions o f  complete channel data y i e l d  r i c h  s t r u c t u r a l  d e t a i l ;  these 

d e t a i l s  do n o t  appear i n  FGGE analyses i n  reg ions v o i d  o f  convent ional  

meteorological  data. 

Publ ished i n  

Advances - i n  Space Research, Vol . 5, No. 6, pp. 45-48, 1985. 



MOISTURE BURSTS OVER THE TROPICAL PACIFIC OCEAN 

by 

James P. McGuirk, Aylmer H. Thompson and Neil R. Smith 

ABSTRACT 

"Moisture bursts" are bands of high clouds or middle and high clouds 

extending poleward and eastward from deep tropical locations into 

subtropical and middle latitudes. These events, synoptic in both temporal 

and spatial scales , are extremely common, particularly over the North 

Pacific Ocean. 

We define moisture bursts objectively, in primarily geometric terms, 

to emphasize both their synoptic scale and their tropical-extratropical 

interaction. We apply this definition to infrared satellite imagery for 

four 6-month cool seasons (November-April ) in the eastern North Pacific 

(160"E to the west coast of the Americas). The frequency of these events 

is about 10 bursts per month during normal cool seasons, distributed 

uniformly across the Pacific to the west of ll0"W; east of this longitude, 

few moisture bursts occur. Half of the bursts last two to four days, and 

no burst lasted longer than 10 days. 

Only 36 moisture bursts occurred during the 6-month El Niio cool 

season of 1982-83, with the location of occurrence shifted eastward. Few 

bursts occurred in the region of active tropical convection associated with 

the El Niio event. 

Because moisture burst frequency decreases at times when the ITCZ 

strengthens, we hypothesize two modes in Hadley cell behavior: a strong 

zonally-symmetric mode, and a weaker mode comprised of the statistical 

ensemble of a large number of transient moisture bursts. Through analysis 
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o f  wind fields, zonal averages across moisture bursts are shown to resemble 

transient intensification o f  the mean meridional circulation in regions 

where the Hadley cell is typically weak. 

Published in 

Monthly Weather Review, Vol. 115, pp. 787-798 (April 1987). - 



VIEWS OF SYNOPTIC SCALE MOISTURE VARIATION OVER THE TROPICAL PACIFIC OCEAN 

by 

James P. McGuirk, Aylmer H. Thompson, and L loyd  L. Anderson, Jr. 

ABSTRACT 

Mois tu re  observ ing c a p a b i l i t y  i s  surveyed over  t h e  t r o p i c a l  nor theas t  

P a c i f i c  ecean. Data arc? taken from l a t e  January 1979, d u r i n g  t h e  FGGE 

f i r s t  spec ia l  observ ing per iod.  Diagnosis of synopt ic  sca le  systems, i n  

t h i s  case mois tu re  burs ts ,  i n  data sparse areas i s  emphasized. The charac- 

t e r i s t i c s  of  f i v e  observ ing systems, and what they  show about two a c t i v e  

mois tu re  b u r s t s  d u r i n g  t h e  s tudy per iod,  a re  descr ibed. The f i v e  systems 

are:  su r face  observat ions , sate1 1 i t e  cloud imagery, rad io -  and dropsondes , 
s a t e l l i t e  i n d i v i d u a l  channel b r igh tness  temperatures, and model ana lys i s  

from t h e  European Center f o r  Medium Range Weather Forecast ing.  The var ious  

systems a r e  examined i n d i v i d u a l l y  and intercompared as we l l .  

Sur face observat ions c a r r y  almost i n s i g n i f i c a n t  mo is tu re  in fo rmat ion  

over  t h e  t r o p i c a l  oceans. C a p a b i l i t y  o f  GOES imagery i s  w e l l  known; 

however, c louds h i d e  a wea l th  o f  important mo is tu re  s t ruc tu re ,  and c louds 

do n o t  always d e f i n e  mois tu re  pa t te rns  we l l ,  even a t  c loud l e v e l .  Sound- 

i n g s  a re  adequate f o r  synopt ic  diagnosis, if t h e r e  were enough o f  them; 

however, dropsondes c a r r y  s i g n i f i c a n t l y  l e s s  d e t a i  1 than radiosondes. 

S a t e l l i t e  channel data p rov ide  thorough coverage, and even show some d e t a i l  

i n  n e a r l y  overcas t  regions; ambigui ty  o f  i n t e r p r e t a t i o n  remains a problem, 

a1 though mu1 t i s p e c t r a l  techniques (1 i k e  EOF ana lys i s )  appear promising. 

Given t h e  l a c k  o f  mo is tu re  observat ions f o r  i n i t i a l i z a t i o n ,  European Center 

ana lys i s  p rov ides  s u r p r i s i n g l y  r e a l i s t i c  mo is tu re  pa t te rns .  Cer ta in  model 

b iases must be t r e a t e d  c a r e f u l l y ,  however. 
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Quantitative intercomparison of data, where possible, is generally 

discouraging. Field comparisons of analysis and satellite observations are 

poor, with only marginal statistical significance. Both. systems, however, 

clearly define the synoptically active regions in their variability 

statistics; they both perform better in moist regions , where quantitative 
estimates of moisture are most important. Comparisons with radiosondes are 

poor as well. Correspondence of analysis, satellite and radiosondes is 

good i n  moist regions, but all three have serious observational problems 

when radiosonde-observed relative humidity falls below 50%. 

The two most significant conclusions are: 1) The observational needs 

for model initialization and forecasting are different than those for 

system diagnosis, and initialization procedures may not be optimum for 

diagnosis; 2) Although the east Pacific is data-sparse, an equally serious 

problem is that it may be data-interpretation-sparse, as well. 

This manuscript was submitted to Monthly Weather Review. It is now being 

revised in response to Editors' critique. 
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SYNOPTIC BEHAVIOR OF EASTERN PACIFIC MOISTURE BURSTS 

bY 

Aylmer H. Thompson, James P. McGuirk and James R. Schaefer 

ABSTRACT 

Synopt ic sca le c l o u d h o i s t u r e  systems, c a l l e d  mo is tu re  bu rs ts ,  f rom 

disturbances i n  t h e  eastern P a c i f i c  I T C Z  and i n  con junc t i on  w i th  a m p l i f y i n g  

t roughs t o  t h e  nor th ;  a common s p a t i a l  p a t t e r n  and temporal e v o l u t i o n  

accompany most events. This s t r u c t u r e  i nvo l ves  upper and lower l e v e l  wind 

f i e l d s ,  thermal and mois ture f i e l d s  and v e r t i c a l  mot ion f i e l d s  as w e l l .  I n  

s p i t e  o f  t h e  data sparse area i n  which they evolve, a blend o f  many k inds 

o f  data and analyses al lowed us t o  deduce much o f  t h i s  s t r u c t u r e  through a 

case s tudy of a t y p i c a l  system; t h i s  mo is tu re  b u r s t  developed d u r i n g  the  

f i r s t  Specia l  Observing Per iod o f  t h e  F i r s t  GARP Global Experiment. 

Conclusions a re  corroborated w i t h  a c l ima to logy  o f  41 systems and a l e s s  

d e t a i l e d  c l ima to logy  of over 200 moisture b u r s t s  descr ibed by McGuirk e t  a1 

(1987). 

Mo is tu re  b u r s t s  a re  associated w i t h  s u b t r o p i c a l  t roughs t o  the  

northwest,  i n tense  d r y i n g  and subsidence w i t h i n  t h i s  trough, and a s t rong  

s u b t r o p i c a l  j e t  accompanying t h e  cloud mass, which i s  t he  mois ture bu rs t .  

The s u b t r o p i c a l  j e t  may o r i g i n a t e  near t h e  equator i n  mois ture bu rs ts .  Low 

l e v e l  d is turbances i n  the t r o p i c a l  e a s t e r l i e s  a r e  present when t h e  b u r s t  

i n i t i a t e s ,  and these s t r u c t u r e s  organize as t h e  b u r s t  evolves. A v a r i e t y  

o f  sma l le r  sca le disturbances with both h o r i z o n t a l  and v e r t i c a l  s t r u c t u r e s  

appear w i t h i n  the  b u r s t  c loud mass. A mois ture b u r s t  may develop 

s imul taneously  o u t  o f  several  o f  these systems. Evidence o f  f rontogenesis 

appears a long the  northwest f l a n k  and downstream of t he  mo is tu re  bu rs t :  
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intensifying moisture gradient, developing thermal gradient, jet level 

winds, solenoidal overturning, deepening of the tradewind inversion and its 

extension towards midlatitudes. Moisture bursts cease normally when their 

tropical and non-tropical aspects become separated. 

This manuscript was submitted to Monthly Weather Review. 

It is now (June 1987) undergoing peer review. 



Doctora l  D i s s e r t a t i o n  

ABSTRACT 

M u l t i s p e c t r a l  Analys is  of a Tropica l  Radiance Set f rom the  TIROS 

Operat ional  V e r t i c a l  Sounder. (December 1986) 

L loyd  Lynn Anderson, Jr., B.S., U.S. A i r  Force Academy; 

MeEd;; P h i l l i p s  I_lnivprcit,v 

Co-Chairmen o f  Advisory Committee: D r .  James P. McGuirk 
D r .  Aylmer H. Thompson 

Analys is  o f  t h e  s t a t e  of 

and q u a l i t y  o f  t h e  observat 

the atmosphere i s  cons t ra ined  by t h e  q u a n t i t y  

ons. I n  data sparse areas, meteoro log ica l  

a n a l y s i s  r e l i e s  h e a v i l y  on remote ly  sensed data, e s p e c i a l l y  those c o l l e c t e d  

by e a r t h  o r b i t i n g  s a t e l l i t e s .  This research examines the  i n f o r m a t i o n  

con ten t  o f  t he  TIROS-N Operat ional  V e r t i c a l  Sounder (TOVS) d u r i n g  20-29 

January 1979 over the  t r o p i c a l  Pac i f i c  Ocean. V e r t i c a l ,  h o r i z o n t a l  , and 

temporal s t a t i s t i c a l  c h a r a c t e r i s t i c s  a re  examined. The TOVS channels a r e  

h i g h l y  c o r r e l a t e d  ( l r1>0.6)  except f o r  t he  i n f r a r e d  water vapor channels 

and t h e  microwave window and 300 mb channels. The h o r i z o n t a l  s t r u c t u r e  

v a r i e s  according t o  s p e c t r a l  channel (absorbing c o n s t i t u e n t  and e f f e c t i v e  

eva lua t i on ) ,  geography, and synopt ic  cond i t i on .  H o r i z o n t a l  c o r r e l a t i o n  i s  

p a r t i c u l a r l y  s e n s i t i v e  t o  water vapor and c loud  amount. I n  e q u a t o r i a l  

sectors ,  mo is tu re  channels have higher c o r r e l a t i o n s  and l a r g e r  l e n g t h  

scales than thermal sensing channels; i n  t h e  subtrop ics,  t he  opposi te  i s  

t r u e .  Temporal v a r i a t i o n  i s  l a r g e s t  i n  t h e  water vapor and microwave 

window channels, and i n  s y n o p t i c a l l y  a c t i v e  reg ions w i t h  b r i gh tness  

temperature var iances t y p i c a l l y  ten t imes l a r g e r  than i n  s y n o p t i c a l l y  

qu iescent  regions. 
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Attempts t o  augment TOVS data i n  c loudy reg ions and f o r  miss ing passes 

us ing  a f u l l  quadra t i c  response surface reg ress ion  model were o n l y  

m a r g i n a l l y  successful .  A t  some l o c a t i o n s ,  thermal i n f r a r e d  channels had 

br ightness temperature RMS e r r o r s  of 0.5 t o  2.5 standard dev ia t i ons  from 

t h e  mean, and the  water vapor and microwave window channels had RMS e r r o r s  

o f  2.5 t o  5.5 standard d e v i a t i o n s  from mean values. 

The TOVS channels w i t h  peak energy c o n t r i b u t i o n  f rom below 90 mb were 

synthesized us ing  p r i n c i p a l  components ana lys i s .  Over 94 percent o f  t h e  

a r e a l  variance a t  any p a r t i c u l a r  t ime i s  represented by the  f i r s t  5 

eigenfunctions. The f i r s t  two e igenfunct ions,  v e r t i c a l  mean thermal and 

mid-tropospher ic mois ture representat ions r e s p e c t i v e l y ,  t y p i c a l  l y  account 

f o r  65% and 15% o f  t h e  observed s p a t i a l  variance. E igenfunct ions 3 through 

5 (each accounting f o r  5 t o  7% o f  t h e  var iance a r e  dominated by the  

microwave window and 300 mb channels and the  water vapor channels. These 

e igenfunct ions represent  mois ture s t r u c t u r e ,  su r face  type, and/or 

p r e c i p i t a t i o n  contaminat ion d i s c r i m i n a t o r s .  The lead ing  e igenfunct ions and 

t h e i r  ho r i zon ta l  pa t te rns  a re  c o n s i s t e n t  w i t h  t h e  a v a i l a b l e  sounding data 

and s a t e l l i t e  imagery. 

This  methodology can be developed t o  augment synop t i c  ana lys i s  i n  data 

sparse regions. 
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Master's Thesis 

ABSTRACT 

Observing the Synoptic Structure of Two Moisture Bursts. (December 1985) 

James Royal Schaefer, B . S . ,  University of Wisconsin, Eau Clairs; 

B.S., University of Utah 

Co-Chairmen of Advisory Committee: Dr. James P. McGuirk 
Dr. Aylmer H. Thompson 

The moisture burst is characterized by large amounts of cloudiness 

emanating from tropical regions and often affecting middle-latitude 

regions. Due to data scarcity, the study of moisture burst near their 

origin is difficult. Supplementary data available during the First GARP 

Global Experiment make such a study feasible. 

Through the use of -- in situ observations and computer-generated model 

analyses, this thesis presents results of a synoptic case study of two 

moisture bursts. Satellite-derived data are shown to be useful in this 

region, although lack of certain satellite radiance channels during the 

time period precludes their use. The FGGE IIIb model analyses are first 

proven to be reliable by comparison with satellite observations and are 

then used extensively. 

A significant upper-level trough, with strong subtropical jet stream 

winds, existed during the origin periods of both bursts. A large northward 

meridional component to the subtropical jet stream was found on the 

downstream side of the troughs. There was a low-level easterly wave trough 

near the origin of the first burst. Associated with at least the first 

moisture burst, evidence was found suggesting an upper-level cold front 

near an area of rapid development of the burst. 
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homogeneous masses o f  clouds, b u t  were composed of severa l  separate c loud 
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Maste r ' s  Thesis 

ABSTRACT 

The Divergent  Wind Component i n  Data Sparse T r o p i c a l  Wind F ie lds .  

(December 1985) 

Bruce Alan Snyder, B.S. Texas A&M U n i v e r s i t y :  

M.B.A., Golden Gate U n i v e r s i t y  

Co-Chairmen o f  Advisory Committee: D r .  James P. McGuirk 
D r .  Aylmer H. Thompson 

T r o p i c a l  wind f i e l d  analyses produced by a s s i m i l a t i o n  schemes, which 

a r e  e x t r a t r o p i c a l  techniques mod i f i ed  t o  f u n c t i o n  i n  the  t r o p i c s ,  have been 

shown t o  produce quest ionable r e s u l t s .  A major problem has been the  

underest imat ion o f  t he  d i ve rgen t  wind component by these schemes. The 

gr idded u and v wind data f rom the FGGE l e v e l  I I I b  analyses f o r  a r e g i o n  i n  

the  eastern t r o p i c a l  P a c i f i c  Ocean f rom 20-29 January 1917 were obtained. 

Various analyses were performed on these data t o  g a i n  an understanding o f  

t he  i n f l u e n c e  o f  t he  d i ve rgen t  component on the  appearance o f  t he  t r o p i c a l  

wind f i e l d .  

A f t e r  t e s t i n g  a number o f  p rev ious l y  proposed boundary c o n d i t i o n s  f o r  

t he  s t reamfunct ion and v e l o c i t y  p o t e n t i a l ,  Sangster 's (1960) method was 

used t o  separate t h e  wind i n t o  i t s  d ivergent  and nondivergent components, 

The Liebman r e l a x a t i o n  technique was used t o  so lve Poisson equat ions f o r  

s t reamfunct ion and v e l o c i t y  p o t e n t i a l .  Stream1 i n e  analyses o f  o r i g i n a l  and 

recons t ruc ted  wind f i e l d s  were performed us ing  the  a l g o r i t h m  proposed by 

Whi t taker  (1977). I n s i g h t  i n t o  the r e l a t i o n s h i p  o f  t h e  d i ve rgen t  wind 

component t o  t h e  t r o p i c a l  wind f i e l d  was obtained by computing var ious 

est imates o f  divergence, s tudy ing  the t ime c o n t i n u i t y  of t h e  s t reamfunct ion 
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and v e l o c i t y  p o t e n t i a l  f i e l d s ,  and by performing va r ious  wind vec to r  e r r o r  

analyses. 

These s tud ies  were conducted on bo th  t h e  850 mb and 200 mb wind 

f i e l d s .  The analyses genera l l y  i n d i c a t e  t h a t  t h e  d i ve rgen t  wind component 

has l i t t l e  e f f e c t  on the  appearance o f  t he  upper l e v e l  wind f i e l d  and t h e  

lower l e v e l  wind f i e l d  i s  a f fec ted  o n l y  i n  reg ions where t h e  s t ronges t  

convergence/divergence occurs. The ma n problem i n  o b t a i n i n g  accurate 

t r o p i c a l  wind f i e l d  analyses seems t o  be the  i n a b i l i t y  t o  r e s o l v e  t h e  scale 

of  the d i a b a t i c a l l y  induced divergence f e l d  on e i t h e r  convect ive o r  sma l le r  

synop t i c  scales. 

48 



Master 's  Thesis 

ABSTRACT 

The S t r u c t u r e  o f  a Late-Spring Mo is tu re  Burst .  (May 1986) 

Jay Richard Stockton, B.S. Texas A&M U n i v e r s i t y  

Co-Chairmen o f  Advisory Committee: D r .  James P. McGuirk 
D r .  Aylmer H. Thompson 

A case s tudy of  a May 1979 occurrence o f  a phenomenon known as a 

mois ture b u r s t  i s  performed u t i l i z i n g  t h e  enhanced data coverage a v a i l a b l e  

d u r i n g  FGGE SOP 11. 

Both tv a t r c  and s a t e l l i t e  data a r e  developed and prepared f o r  t h e  

case study. A mois ture b u r s t  c l imato logy i s  developed and shows t h a t  b u r s t  

occurrence i n  the  s p r i n g  remains near w i n t e r  l e v e l s  i n  t h e  'normal y e a r '  

c l ima to logy .  A f t e r  t he  E l  N i i o  episode of 1982-83, b u r s t  a c t i v i t y  

increased g r e a t l y  i n  t h e  s p r i n g  a f t e r  a l u l l  i n  w i n t e r  b u r s t  a c t i v i t y .  

A u s e f u l  framework f o r  p i c t u r i n g  t h e  e v o l u t i o n  o f  a mo is tu re  b u r s t  i s  

descr ibed i n  terms o f  t he  movement o f  mois ture i n t o  and through t h e  system. 

The framework, o r  model, c o n s i s t s  o f  the f o l l o w i n g  f o u r  elements: 

1) A low l e v e l  mois ture source; 

2) A v e r t i c a l  t r a n s p o r t  mechanism; 

3)  An upper l e v e l  ho r i zon ta l  t r a n s p o r t  mechanism; and, 

4) Upper l e v e l  c o n d i t i o n s  favo r ing  the  development o f  c louds 

downstream o f  t he  moisture source. 

The rep resen ta t i on  o f  t he  b u r s t  i n  GOES-W I R  imagery i s  discussed and 

t h e  presence o f  p o i n t s  2, 3 and 4 o f  t h e  model i s  t e n t a t i v e l y  v e r i f i e d .  

Upper l e v e l  mois ture pa t te rns  associated w i t h  the  b u r s t  a re  examined. A 

d e t a i l e d  s tudy o f  t he  model shows that :  1) The low l e v e l  mois ture source 

i s  . the low l e v e l  t r o p i c a l  a i r  located over  the  c e n t r a l  t r o p i c a l  P a c i f i c  
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near t h e  southwest e x t r e m i t y  o f  t h e  bu rs t ;  2)  The v e r t i c a l  t r a n s p o r t  

mechanism appears as areas of enhanced convect ion i n  the  ITCZ, b u t  a s i n g l e  

cause o f  t h i s  enhanced convect ion could n o t  be ascertained; 3)  The upper 

l e v e l  t ranspor t  mechanism i s  the  s u b t r o p i c a l  j e t ,  d isp laced w e l l  south o f  

i t s  c l i m a t o l o g i c a l  p o s i t i o n  i n  a s s o c i a t i o n  w i t h  a s t rengthening upper- leve l  

t rough and a poss ib le  l a rge -sca le  wave i n s t a b i l i t y  l oca ted  near the  ITCZ; 

4) The upper l e v e l  cond i t i ons  favo r ing  c loud  development downstream of t h e  

source occur on t h e  southern f lank o f  t he  s u b t r o p i c a l  j e t  where upper l e v e l  

d ivergence i n  the  r i g h t  r e a r  quadrant o f  t h e  j e t  maximum favo rs  c loud  

f o r m a t i  on. 
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Master 's  Thesis 

ABSTRACT 

A Cl imatology of Tropica l  Mois ture Bursts  

i n  t h e  Eastern Nor th P a c i f i c  Ocean. (December 1986) 

N e i l  Ray Smith, B.S., Texas A&M U n i v e r s i t y  

Co-Chairmen o f  Advisory Committee: D r .  James P. McGuirk 
D r .  Aylmer H. Thompson 

A t r o p i c a l  mois ture b u r s t  i n  t h i s  study r e f e r s  t o  a continuous band o f  

h igh  c louds t h a t  o r i g i n a t e s  from a t r o p i c a l  d is turbance and extends 

poleward t o  e x t r a t r o p i c a l  l a t i t u d e s .  I t  i s  o b j e c t i v e l y  def ined i n  terms o f  

appearance i n  unenhanced I R  s a t e l l i t e  imagery as a continuous band o f  

upper, o r  middle and upper, l e v e l  clouds which i s  2000 km i n  l e n g t h  and 

crosses 15ON. The d e f i n i t i o n  i s  p r i m a r i l y  geometric and does n o t  

presuppose phys i ca l  mechanisms. 

S t a t i s t i c s  of occurrence d u r i n g  three 6-month per iods (November-April ) 

show t h a t  t h e  mois ture b u r s t  i s  a common event of t h e  eastern Nor th P a c i f i c  

(160"E t o  90OW). An average o f  60 events occur per  cool  season. Monthly 

frequency i s  about 10 bu rs ts  pe r  month. S p a t i a l  d i s t r i b u t i o n  i s  

e s s e n t i a l l y  un i fo rm west o f  l l0"W w i t h  ve ry  few o c c u r r i n g  eas t  of t h i s  

longi tude.  Mean mois ture b u r s t  du ra t i on  i s  2.6 days, w h i l e  t h e  maximum 

observed was almost 10 days. The b u r s t  c loud  band i s  conf ined t o  

s u b t r o p i c a l  l a t i t u d e s  i n  the  mean, but d u r i n g  mid t o  l a t e  w in te r ,  a 

m a j o r i t y  o f  c loud  bands extend t o  middle l a t i t u d e s .  

Only 36 mois ture b u r s t s  occurred dur ing t h e  6-month ENSO cool  season 

o f  1982-83. S p a t i a l  and temporal frequency o f  occurrence was d r a s t i c a l l y  

reduced west o f  140OW. This  r e g i o n  d u r i n g  ENSO was a l s o  an area of 
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anomalously a c t i v e  I T C Z  convect ion.  

Upper- and lower - l eve l  wind f i e l d s  a r e  examined f o r  a 41-event subset 

of t h e  moisture b u r s t s  i d e n t i f i e d  i n  t h e  f i r s t  t h r e e  cool  seasons. A 200 

mb trough i s  a c o n s i s t e n t  f e a t u r e  of t he  upper- leve l  mois ture b u r s t  wind 

f i e l d .  The t rough i s  present,  on average, about 600 km upstream o f  t h e  

b u r s t  o r i g i n  c loud  mass, and appears t o  p l a y  a s i g n i f i c a n t  r o l e  i n  c loud  

band propagation and event terminat ion.  A m a j o r i t y  o f  b u r s t s  o r i g i n a t e  i n  

a n t i c y c l o n i c  f l o w  w i t h  a sou the r l y  component a t  t he  850 mb l e v e l .  Though 

t h e r e  i s  no c o n s i s t e n t  l ow- leve l  wind f i e l d  c o n f i g u r a t i o n ,  t h e  most 

commonly observed p a t t e r n  i s  a f r o n t a l - l i k e  c o l  deformat ion o f  t h e  wind 

f l o w  i n  the reg ion  o f  t he  mois ture b u r s t  c loud  band. 
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8. DISCUSSION AND CONCLUSIONS 

This Report, by design, is a summarization and discussion of the many 

scientific papers , theses , dissertation and conference proceedings prepared 
during the studies we have undertaken. These documents have been listed in 

Section 7, which also includes abstracts of the longer scientific 

documents, the dissertation and the theses. There seems no point in a 

"summary of the summary." Instead, we conclude our report with some 

pertinent comments on continuing and future work. 

Although we have learned a great deal about moisture bursts and about 

the synoptic scale properties of satellite channel data, we have barely 

begun to tap the full capability of quantitative satellite channel data. We 

make the following recommendations, and propose to tackle most of these 

items under a new contract. 

1. Moisture behavior. 

i )  Use the moisture channel brightness temperatures as a measure 

of the top of the moisture layer; then use the temporal variation to 

estimate middle and upper tropospheric vertical motion. 

i i )  Obtain moisture tracked winds for the February 1984 period 

from the University of Wisconsin and incorporate into our diagnostic 

description of moisture bursts. 

i i i )  Improve moisture advection estimates (in part from new 

analyses to be available from ECMWF and GLA) and relate to precipitation 

estimates (to be available from MSFC). Also, perform more complete budgets 

based on ECMWF analysis. 

2. Synoptic and general circulation behavior. 

iv) Define tropical synoptic variability over the eastern Pacific 

using data over a much longer time period. 
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v )  Prepare more case s tud ies  ( i n c l u d i n g  events d u r i n g  February 

1984) t o  b e t t e r  document t y p i c a l  mois ture b u r s t  behavior and t o  i n v e s t i g a t e  

the f u l l  range o f  mois ture b u r s t  s t r u c t u r a l  v a r i a b i l i t y .  

v i  ) Describe downwind synopt ic  e f fec ts ,  p a r t i c u l a r l y  ba roc l  i n i c -  

i t y  and je t s t ream i n t e n s i f i c a t i o n .  Special  emphasis should be p laced on 

t h e  appearance of mois ture b u r s t s  i n  mois ture channel imagery. This  view 

i s  somewhat d i f f e r e n t  than t h a t  seen i n  i n f r a r e d  window channel imagery. 

v i i )  I n v e s t i g a t e  the  dynamical causes o f  mois ture b u r s t s  and the  

associated j e t  acce le ra t i on .  

3. Synopt ic-scale s a t e l l i t e  techniques. 

v i i i )  Define i n d i v i d u a l  channel i n fo rma t ion  content  through study 

of h o r i z o n t a l  s t r u c t u r e  funct ions over a broader range o f  cond i t i ons .  

i x )  Refine i n t e r p r e t a t i o n  o f  EOF p a t t e r n s  and develop o the r  

m u l t i - s p e c t r a l  techniques ( sp l i t -w indow and over lay ing,  f o r  example). 

x )  Implement a r a d i a t i v e  t r a n s f e r  model t o  a s s i s t  i n  the  i n t e r p r e -  

t a t i o n  o f  s a t e l  1 i t e  channel b r i gh tness  temperatures. Two models w i  11 be 

ava i l ab le ,  one developed a t  GLA and t h e  o the r  developed a t  t h e  U n i v e r s i t y  

o f  Wisconsin and a v a i l a b l e  through MSFC. We c u r r e n t l y  e n v i s i o n  two poss i -  

b i l i t i e s :  E x t r a p o l a t i o n  o f  f ea tu res  l i k e  i nve rs ions  and m o i s t  l a y e r s  away 

from sounding l o c a t i o n s  and the  d e f i n i t i o n  o f  t he  s ignatures of s p e c i f i c  

f ea tu res  o f  t h e  t r o p i c a l  atmosphere. 

x i )  I n v e s t i g a t e  a d d i t i o n a l  i n f o r m a t i o n  on synop t i c  s t r u c t u r e  and 

behavior contained i n  analyses o f  t h e  s y n t h e t i c  b r i gh tness  temperature 

f i e l d s  mapped from the  var ious i n d i v i d u a l  channels o f  t h e  s a t e l  1 i te-borne 

sounding systems, such as HIRS, MSU, VAS and t h e i r  successors. We have 

developed a l ready a s i g n i f i c a n t  a b i l i t y  t o  understand what t h e  data from 

t h e  i n d i v i d u a l  channels i s  t e l l i n g  us about the  synop t i c  s t r u c t u r e ,  b u t  we 
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must enhance f u r t h e r  t h i s  understanding. 

x i i )  Continue i n v e s t i g a t i o n  o f  the water vapor (6.7 micrometers) 

imagery and Outgoing Longwave Rad ia t ion  data (OLR) a v a i l a b l e  r o u t i n e l y  f o r  

synopt ic  use from t h e  GOES system and p o l a r  o r b i t e r s .  We mention t h i s  

separa te ly  from t h e  channel data mentioned i n  t h e  preceding i t em i n  p a r t  

because a v a i l a b i l i t y  o f  t he  6.7 micrometer imagery and OLR F ie lds  a re  so 

a i t re ren i :  from availability o f  ind:’;~id:ta! ch.nne!s frnm t he  sounding 

sys terns. 

.. - -  
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APPENDIX 

This  Appendix conta ins r e p r i n t s  o f  a l l  Conference Proceedings and 

s i m i l a r  papers. See t h e  d iscuss ion a t  the beginning o f  Sec t i on  7, page 31. 

The o rde r  o f  t h e  papers here i s  the same as t h e  l i s t i n g  o f  "Papers 

presented a t  s c i e n t i f i c  conferences.. . , I '  beginning on page 33. 



Reliability of Circulation Statistics over the Tropical Pacific Ocean 
Based on F G G E  Data* 

J. P. McCuirk, A. H. Thompson, L. L. Anderson, J r . ,  and N. R. Smith 
Texas A&M University, Coll.ep,e Station, TX 7 7 8 4 3  

Satellite and FGGE Special Observing Period (SOP) data are used to examine 
tne structure and behavior of the tropical Eastern Pacific, atmosphere, a data- 
sparse area nearly the size of North America. 

It appears as a stream of middle and high clouds, emanating from the ITCZ and 
moving northeastwards out of the tropics and often into northern Mexico and 
the U.S. A schematic of the temporal development of a burst during the F G G E  
winter SOP appears as Fig. 1. Table I summarizes the definition of a moisture 
burst in terms of objective geometric properties. Figs. 2 - 4 and Table I1 
document its "climatology," based on only two 6-month sequences of GOES West 
infrared imagery during the 1977-78 and 1981-82 cold seasons. 

The salient features of this brief climatology are: 

a) 

We focus on a tropical synoptic feature, designated a "moisture burst." 

Approximately 10 bursts occur per month between 160"E and 1OOoW, 
lasting an average of 2.5 days each, but with 20% of them lasting four days 
or longer. 

160"E and 120"W, with decreasing activity approaching the coast of North America. 
b) 

c) Bursts occur less frequently in mid-winter (February). 
d) At least one burst was active somewhere in the Pacific domain 752 of the 

The distribution of bursts along the ITCZ is nearly uniform between 

time; thus, periods exist when the Hadley circulation is not apparent in the 
eastern Pacific. 

which acted either as a trigger or as a phase of the burst development. 

the NCAR archive. The NCAR's TIROS N data are an abridged FGGE set, containing 
less than 10% of the available satellite retrievals. Figs. 5 and 6 depict 
typical coverage of sounding data. Fig. 7 compares satellite/raob differences 
for approximately co-located soundings. 
systematically colder than co-located raobs by nearly 2°C; although this bias 
is different than other published results, it is known to be sensitive to geo- 
graphical regions and meteorological condition. Satellite moisture measurements 
were systematically drier than and had a large rms difference as compared to 
raobs; on the other hand, nearly every raob moisture sensor failed to yield 
relishle information at some dry layer below 700 mb. 

e)  Approximately one third of the events appeared to be related to a front, 

TIROS N soundings (TOVS) and other FCGE data for SOP 1 were obtained rrom 

The clear sky satellite soundings were 

Fig. 8 - 14 summarize the time changes of the atmosphere's vertical struc- 
ture a t  6 locations over the Pacific as determined from TIROS N retrie\*nls. 
Except at location 2 and 6, under a pair of moisture bursts, approximate raobs 
were present for comparison. Figs. 15 - 18 show related raob time profiles. 
- 
* This work is funded under Contract No. NAS8-35182 through NASA's George C. 

Marshall Space Flight Center. 

From Proceedings o f  the Eighth 
Annual Climate Diagnostics Work- 
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The following conclusions can be drawn Erom these figures: 

a) Large temperature variations occur above 500 mb unaccompanied by 
significant variations in the lower troposphere. The satellite detects this 
variation, although it tends to underestimate the amplitude; small lower 
tropospheric variations are also often detected (compare TOVS 1 with raob 
91285 and 91165 over Hawaii). 

the trends at Hilo and Lihue are quite different. - 
structions, whereas others are missed or are displaced in time. Problems 
exist with distant co-location and the l a r g e  time gaps between satellite data. 

examination of satellite representation of two moisture bursts. 

initial cool event (around Jan. 21 and 22 over the ocean, Jan. 20-25 at San 
Diego), followed by a strong warm departure, at least through the 27th at all 
three locations. 

b) TOVS 1 follows the low level moisture trend well at H i l o ,  even though 

c) Some raob temporal changes are well-matched by the satellite recon- 

Fig. 1 8  in conjunction with fig. 10 and fig. 1 4  can be used for preliminary 

d) The appearance of the burst in the upper troposphere occurs as an 

e) Large stability changes accompany these temperature changes, at least 

f) 

at group 6 and San Diego. 

The group 2 satellite retrievals, which were taken both within the 
high cloud region (at the edge) and under fairly clear conditions, exhibit 
changes throughout the depth of the atmosphere between the 20th and 29th from 
one anomaly sign to the other. All retrievals were, at least in part, cloud 
contaminated. The observed temperature changes may be simply an artifact of 
the retrieval procedure. 

the mid-tropospheric warm and cold anomalies. However, the strong cooling in 
the upper troposphere (raob) is undetected by the satellite. 

along the coast as the moisture burst crosses the section (see fig. 8 ) .  In 
these sections, we see: 

h) Frontal character and frontogenesis south of San Diego (MYF), between 
the 22nd and the 24th, although the triggering of the event did not appear frontal 
on satellite images; 

frontal region; 

burst; 

at least four westerly wind maxima where, before the moisture burst, only a 
single westerly maximum was present; 

consistent with the increased horizontal temperature gradient. 

g) Many of the details at group 2 and San Diego are similar, particularly 

Fig. 19 - 23 depict classical cross-sectional analyses of the raob data 

i) 

j) 

k) A weakening, but spreading of the wind maximum, with the appearance of 

Strong lower tropospheric stability decreases south of the apparent 

Large temperature increases at tropopause level north of the moisture 

1) An intensification of the lower tropospheric wind shear which is 
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Table 1. Objective geometric d e f i n i t i o n  of a moisture burst ,  as 
observed on in f ra red  imagery from geostationary s a t e l l i  tes. 

DEF IN I T  I ON: 
1)  
2) 
3 )  
4 )  

I R  photo t i m e  and date o f  the f i r s t  evldence o f  poleward progres- 
sion o f  cloud cover. 

ENDING : 
I R  photo t i m e  and date o f  any one o f  the fol lowing: 
1) cessation o f  source convective a c t i v i t y  equatorward o f  1S"N; 
2 )  a break i n  continuous cloud band equatorward o f  15"N; 
3 )  recession o f  the cloud band equatorward o f  15"N. 

a continuous band o f  upper and middle clouds; 
a t  leas t  2000 km i n  length; 
a cloud source equatorward o f  15"N; 
a cloudband extending poleward of 15"N. 

BEG INNING : 

Table 11. Dis t r i bu t i on  of moisture burs ts  as a funct ion o f  durat ion 
fo r  two co ld  seasons. Numbers give bursts ou t  o f  124 events which lasted 
the specified number o f  days. 

~ 

DURATION 77-70 81 -82 
(DAYS) (NUMBER OF BURSTS) 

1 32 19 

2 14 19 

3 6 11 

4 4 5 

5 4 3 

6+ 4 3 

Mean Duration = 2.5 Days 

Fig. 1. Schematic deplct ion o f  the t i m e  evo lu t ion  of the high cloud boundary o f  a moisture burst  
occurring between Jan. 21 and Jan. 25, 1979. 
boundary. 

Squared numbers give the date o f  the associated cloud 
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Fig. 2. Catalog of 1977-78 cold season moisture bursts as a functfon of 
time and longitude. Black segments deplct bursts as deflned I n  Table I .  

F lg .  3. As In F l g .  2 ,  except for 1981-82 cold season. 
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Fig. 4.  Distribution of moisture bursts as a function of longitude 
o f  origin and month, averaged over the two cold seasons. 



Fig .  5. Sample o f  sounding-data coverage from NCAR data set on the day of  
best coverage (most data ) d u r i n g  Jan. 1979 moisture burst. 
rawinsondes. crosses are windsondes. asterisks a re  s a t e l l i t e  re t r ieva ls  (TOVS), 
tr iangles are dropsondes. 
tion. 
a i r c ra f t ,  balloons, and surface ships). 

Squares represent 

Numbers under t h e  symbols indicate hour of observa- 
Not shown are the many single-level observations (cloud tracked winds, 

D R T R  L O C R T I O N  22 Jf iN 79  
180 105 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 

180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 
LONG1 TUDE (DEGl 

Fig. 6. As i n  Flg. 5, except for day of minimum coverage. 
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Fig .  7 .  Mean difference between raob and satel l  ite-derived layer average temperatures for approximately 
co-located observations (solid l ines)  for the time period 20-28 Jan. 1979, and over the tropical eastern 
Pacific. Also shown i s  the standard deviation of the difference a t  each layer (dotted l ine) .  Clear sky 
retrievals appear on l e f t ;  cloudy, mlcrowave-only retr ievals  I n  the center, and a l l  re t r ievals  on the 
right. 
.prof i le .  

Precipltable water differences are shown by c l rc les  and standard deviations by bars on the leftmost 
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TRANSIENT TROPICAL DISTURBANCES W I T H I N  THE PACIFIC HADLEY CELL 

J a w s  P. IicCuirk and Aylmer H. Thompson 
Texas A M  University 

College Station, Texas 77843-3146 

1. INTRODUCTION 

The Hadley c e l l  is a s t a t i s t i c a l  compo- 
site, averaged over tiw and longitude. I r  is 
the net r e su l t  of many systema, covering a range 
of scales from ind iv idud  convective towers t o  
continental-size monsoonal circulations. Often. 
over the t rop ica l  oceans. an organized band of 
middle and high level clouds develops in  the 
region of the  ITCZ and extends eastwards and pole- 
vards for several  thousand kilometers into the 
subtropics. 
band often Lveeps northeastvards across northern 
Mexico and the  southern tier of states. In  its 
fully-developed atage. i t  is uaually aseociatad 
v i th  the subtropic81 jetatream and seema t o  be 
related t o  cyclogenesis. par t icu lar ly  eaet of the  
Rocky Xountains. We have termed the  cloud band a 
moisture burst. documxed its occurrence over 
three cold seasons, and made use of the detailed 
data available during the January 1979 FCGE 
Special Observing Period t o  investigate the 
development of NO individual moisture bursts. 

An example of the progression of the  

Over the  Pacific Ocean the  cloud 

leading edge of the  cloud band of a typical burst  
appears a s  Fig. 1. This burs t  originated along 
the ITCZ a t  about 4% and about 155oW between 00 
and 15 2 21 January 1979. 
during the f i r s t  FCGE Special Observing Period 
and conatitutes our f i r s t  case study. The ex- 
plosive development of t h i s  burst  is c lea r  in  the 
comparison of the cloud border. on 00 Z 21 and 22 
January . 

The burs t  occurred 

al. (1978). Davis (1981). and Thepenier and 
C r u e t t e  (1981)--but a description of t he i r  origin, 
structure,  and relation t o  other circulation fea- 
p r e e  haa not been developed. 
Cruette have docunnted burats' mid-latitude con- 
nections, showing tha t  they a re  often associated 
vith deep mid-latitude troughs vhich extend vel1 
into the  subtropics, and tha t  the cloud band is 
eventually collocated with the subtropical j e t  
axis. Although they show tha t  the cloud bands 
often become associated with mld-latitude cyclones, 
they do not examine the  burs t s  i n  the or ig in  
region over the  t rop ica l  oceaae. 

- 
Thepenier and 

Riehl (1981) and Cressman (1981) de- 
scribe some of tha problear, v i t h  explaining the 
source of k ine t ic  energy in the or ig in  regions of 
the subtropical jet .  If burs t s  are associated 
vlth jet  formation. then it see- essential t o  
understand the  tr iggering mechanism and dcvelop- 
meat of bur i t s .  Clouds i n  the region of burst  
origins sometimes move into the cloud band from 
the southern hcmlsphcra; of ten the clouds exhib i t  
j e t  vind speeds in a nearly meridional direction 
in the  v i c in i ty  of the ITCZ. Neither of these ob- 
servations is consistent with our understanding of 
the nubtropical circulation. 
be, in part ,  the  compobite of a large number of 
bursts. 
thinking of thin cell  aa the mean r e su l t  of a num- 
ber of synoptic system, occurring nearly randwly. 
a t  least on seasonal ti- scales. along the ITCZ; 
the current view of the dd- l a t i t ude  indirect  cell 
bas already undergone t h i s  re-evaluacion. 

The Hadley c e l l  may 

I& may be forced t o  re-evaluaca our 

The cloud bands we re fer  t o  as moisture 2- DATA 
bursta have bema observed by o t b e r n - M o r e l ~  

The FCCE Special Observing Period pro- 
vides us with a unique t rop ica l  data s e t  v i th  
which t o  analyze aastern Paci f ic  moisture bursts. 
Using these data. we examine ~ V O  bursts,  comenc- 
ing on 21 and 25 1979. The data include 
ratell i te-derived winds, temperatures and radi- 
ances; iupplementary rawinsonde.. dropsondes, and 
pibals; and en expamion of the operationally- 
availahla a i r c ra f t .  surface and ship reports. In  
addition t o  the K C E  set. we examined tw six-month 
sets of GOES infrared Imagery and one six-month 
set of infrared aoaaics from NOM-7. The GOES 
imegery wa. used t o  produce a "climatology" of 
burst  occurrence and the NOM-7 Imager was used t o  
examine bursts in the context of El Nino. Some 
properties of them data sets in the context of 
moisture burats are described by HcGuirk ~t. 

Fig. 1. Schenutb &pi&* of th time s v o h t b n  (1984). 
of tho high cloud h?un&ry of a moisture burst w- 
&ng & t w r ~ n  21 mrd 25 J ~ m ~ r y  1979. Ftrrggod 3. MEAN BURST BEHAVIOR 
nwnbers give th date of the associated CW 
leading edge. An objective def in i t luu  of A moisture 
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burs t  was developed so t h a t  q u a n t i t a t i v e  informa- 
t i o n  could be ex t rac ted  from the  GOES imagery. 
It is based so le ly  on geometric p rope r t i e s  t o  
maintain ob jec t iv i ty  and t o  avoid a n t i c i p a t i n g  
phys ica l  mechanisms o r  synopt ic  a s soc ia t ions .  
The d e f i n i t i o n  is summarized in Table I. 

Table I 

Moisture b u r s t  d e f i n i t i o n .  

DEFINITION: 

1) 

2) 
3) 
4) 

A continuous band of upper and middle 
level clouds ; 
A t  least 2000 km i n  length; 
A cloud source equatorvard of 15'N; 
A cloudband extending poleward of U O N .  

BEGINNING: 

Time and date of the  f i r s t  evidence of 
poleward progression of cloud cover. 

ENDING: 

Time and date of any of t he  following: 

1) 

2) 

3) 

Cessation of convection equatorward of 
1 5 O N ;  
A break  i n  cloud cover equatorward of 
15 ON ; 
A recession of t he  cloud band equator- 
ward of 15'N. 

Based on  t h i s  d e f i n i t i o n ,  128 moisture b u r s t s  
were documented during the  two six-month co ld  sea- 
sons of 1977-78 and 1981-82 between 160°E and 90°W. 
The mean d i s t r i b u t i o n  of t h e  o r i g i n  of t hese  b u r s t s  
as a func t ion  of month and longi tude  is summarized 
i n  Fig. 2. The frequency of occurrence is approxi- 
rmtely cons t an t  west of  12OoW and decreases ab rup t ly  
e a s t  of t h i s  longitude. Nearly e leven  b u r s t s  occur 
i n  an  average month wi th  a minimum i n  midwinter. 
Additional Important c h a r a c t e r i s t i c s  of t he  b u r s t  
are a s  follows: The average du ra t ion  is 2.5 days 
wi th  20% of t h e  bu r s t s  l a s t i n g  4 days o r  longer.  
Somewhere i n  t h e  Pac i f ic  domain, a t  least one b u r s t  
is a c t i v e  about 75X of the  time. Approximately one 
t h i r d  of t h e  bu r s t s  are r e l a t e d  t o  mid-lati tude 

n l  

Fig. 2. D i s t r i b u t h  of the occurrence of 

origin and m a t h .  
give twelve-month totats;  curves give cold 

mOi8tW"e burst8 a8 0 f w t c t h  Of kflgitude Of 
Nwnbers i n  the tabu&tion 

8eaSOn or math13 average. 

f r o n t a l  a c t i v i t y ,  as perceived from GOES imagery; 
t h i s  r e l a t i o n  occurs as e i t h e r  a causa t ive  mech- 
anism, a s  a f r o n t  moves southward i n t o  the  deep 
t r o p i c s ,  o r  can occur as a wave development on a 
cloud band sometime a f t e r  i ts incept ion .  It is 
l i k e l y  t h a t  most of the  cloud bands, no t  i n i t i a l l y  
r e l a t e d  t o  f r o n t s  and the  a s soc ia t ed  j e t  streams, 
become as soc ia t ed  wi th  mid- la t i tude  synopt ic  acti- 
v i t y  a f t e r  t h e i r  source reg ion  becomes inac t ive .  
This  occurrance is i n  accordance wi th  the  observa- 
t i o n s  of Thepenier and Crue t te  (1981). A check of 
15 consecutive b u r s t s  i n  January 1979 showed t h a t  
e leven  were accompanied by a mid-lati tude trough 
extending i n t o  t r o p i c a l  l a t i t u d e s  ( a s  observed 
from European Center 200 mb a n a l y s i s ) .  
the f i v e  remaining, a weak trough could be  in fe r -  
red  from cloud p a t t e r n s  i n  GOES imagery. 

.Thepenier and Crue t t e ' s  observa t ion  tk.at troughs 
are as soc ia t ed  wi th  fully-developed moisture 
b u r s t s  can be extended backward i n  time t o  inc lude  
t h e  per iod  of b u r e t  i n i t i a t i o n .  

I n  fou r  of 

4. BURSTS AND EL NINO 

The 1982-83 E l  Nino event  was a per iod  
i n  which t h e  t r o p i c a l  c i r c u l a t i o n  w a s  d i s tu rbed  t o  
an e x t e n t  unequaled during t h e  modern data-gather- 
i ng  era (Quiroz, [1983]). Examination of the  
mbisture b u r s t s  dur ing  t h i s  co ld  season allows 
a d d i t i o n a l  coanwnt on the  t r o p i c a l  c i r c u l a t i o n  
t y p i c a l  of E l  NiGo, and a l s o  raises i n t r i g u i n g  
ques t ions  regard ing  moisture-burst a s soc ia t ion  
wi th  the  Hadley c i r c u l a t i o n .  

A d i s t r i b u t i o n  of mois ture  b u r s t s  over 
t he  time span November 1982 t o  Apr i l  1983 w a s  pre- 
pared s i m i l a r l y  t o  t h e  procedure above. Due t o  , 

t h e  premature f a i l u r e  of GOES, i t  w a s  necessary t o  
use mosaics prepared from t h e  polar -orb i t ing  NOAA- 
7. The photo reproductions were of s l i g h t l y  lover 
q u a l i t y  than  ou r  GOES a rch ive  and were a v a i l a b l e  
a t  only  12-hour i n t e r v a l s  i n s t ead  of 6. Neverthe- 
less, r e l i a b l e  information w a s  obtained. A sum- 
mary of b u r s t  a c t i v i t y  dur ing  the  E l  NiSo cold 
season appears in Pig. 3, which has  the  same for -  
mat as Fig. 2. The d i f f e rence  i n  behavior from 
"climatology" is immadiately apparent.  Fewer 
b u r s t s  occurred i n  1982-83, p a r t i c u l a r l y  i n  March 

n C  

N 

0 1 ID. 

n 

Fig. 3. A8 i n  F i g .  2, ezcept for the 1982-83 E l  
NiG year. 
reference. 
P a c i f i c  quiescent region. 

Llmhed tine8 fra Fig.  2 are for 
Shaded area emphasiass the mid- 

70 



ORIGINAL iz>.2C I; 
OF POOR QUALITY 

and Apr i l ;  only six b u r s t s  occurred per  month, on 
average, compared wi th  a "normal" eleven. 
b u r s t s  occurred west of 140%, wi th  a l a r g e  number 
of b u r s t s  occur r ing  i n  the  normally quiescent  re- 
gion east of l l O o W .  
occurred almost continuously i n  t h e  narrow longi- 
t u r e  bang between 135Oand 105OW. Af ter  t he  break  
of E l  Nino i n  late December, b u r s t  a c t i v i t y  disap- 
peared from the  c e n t r a l  P a c i f i c  f o r  s e v e r a l  months; 
see t h e  shaded reg ion  of Fig. 3. Because 1982-83 
b u r s t s  last about as long as c l ima to log ica l ly  ex- 
pected, t h e i r  infrequency r e s u l t s  i n  extended 
per iods  of t i m a  during which no b u r s t  is a c t i v e  
anywhere i n  the  P a c i f i c  domain: 
qu iescent  compared t o  only 25% i n  t h e  "climatology." 

Few 

Most of t h e  win ter  b u r s t s  

59% of t h e  time 

The clouds then  were advected northeastwards from 
the  22nd t o  the 25th by which t i m e  t h e  lead ing  
edge had passed Louisiana. Eastwards of 120% i t  
was as soc ia t ed  wi th  t h e  sub- t ropica l  jet. 

f ind ings  based on a n a l y s i s  of t h e  FGGE data .  
attempt t o  i n t e g r a t e  these  observa t ions  i n t o  a 
complete explana t ion  is premature a t  t h i s  time. 

5.1. West Coast S t ruc tu re  

What follows is an  enumeration of t h e  
An 

S u f f i c i e n t  rawinsonde s t a t i o n s  e x i s t  
along t h e  w e s t  coas t  of North America t o  allow ex- 
amination of t he  c ross -sec t iona l  s t r u c t u r e  of t he  

We thus observe a cu r ious  f e a t u r e  of t h e  
1982-83 w_inter Hadley c i r c u l a t i o n .  Associated with 
t h e  E l  Nino, anomalously warm s u r f a c e  waters spread 
eascward froiii cke datoli=:, vith tcqeratures ex- 
ceeding 29OC. With t h i s  warm water, t h e  ITCZ con- 
vec t ive  a c t i v i t y  became tremendously s t rengthened ,  
between 150°E and 1OOoW.  Outgoing Longwave g d i a -  
t i o n  (OLR) anomalies. a g*& measure of ITCZ con- 
vec t ion ,  exceeded -80°W/m , with mean va lues  more 
typ i fy ing  t h e  Indian summer monsoon. 
f i e l d s  a l s o  show a broad maximum centered  a t  about 
20°N, i n d i c a t i v e  of enhanced cloud-free subsidence 
a l l  t h e  way across  t h e  Pac i f i c .  
OLR anomalies are both c o n s i s t e n t  wi th  enhanced 
Hadley c i r c u l a t i o n .  See the  d a t a  c o l l e c t i o n  by 
Arkin et e. (1983) for f u r t h e r  d e t a i l s .  I n  s p i t e  
of t h e  anomalously a c t i v e  ITCZ, b u r s t  a c t i v i t y  de- 
c reased  considerably and ad jus ted  its s p a c i a l  d i s -  
t r i b u t i o n  t o  f i t  t h e  warm SST anomalies. 
eral, the  b u r s t  a c t i v i t y  w a s  cen tered  more c l o s e l y  
a t  the  reg ion  of maximum SST anomely and no t  a t  
t h e  reg ion  o f  maximum SST. 

The OLR 

The high and law 

I n  gen- 

Apparently, i nc reas ing  t h e  s t r e n g t h  of 
t h e  ITCZ is not  s u f f i c i e n t  t o  guarantee t h e  en- 
hancetmnt of moisture b u r s t  a c t i v i t y .  Secondly, 
i t  is poss ib l e  t o  inc rease  t h e  apparent s t r e n g t h  
of t h e  Hadley c e l l  without i nc reas ing  t h a t  compo- 
nent of i t  which is con t ro l l ed  by b u r s t  a c t i v i t y .  
F ina l ly ,  t h e  increase  i n  s t r e n g t h  of North American 
West Coast storm a c t i v i t y  and its accoc ia t ion  with 
moisture b u r s t  a c t i v i t y  dur ing  t h e  E l  Ni%o year  was 
not  r e l a t e d  t o  the  frequency of b u r s t s  although it  
was r e l a t c d  t o  t h e i r  o r i s i n  reg ion  and i n t e n s i t y  of 
i nd iv idua l  systems.* It seeme clear t h a t  something 
more than  merely a warm ocean and a weakened Walker 
c i r c u l a t i o n  is requi red  i n  t h e  v i c i n i t y  of t he  ITCZ 
t o  genera te  a moisture bu re t .  

5. A MOISTURE BURST CASE STUDY 

I n  an e f f o r t  t o  understand the t r igger ing  
of mois ture  b u r s t s  and t h e  coupring of t h e  t rop ic s  
and mid- la t i tudes  by means of moisture bu r s t s ,  w e  
have begun a case s tudy  of a p a i r  of b u r s t s  occur- 
r i n g  i n  January 1979. See Fig. 1 for t h e  lead ing  
edge cloud boundary of t h e  f i r s t  event.  
developed explos ive ly  a long  t h e  ITCZ, spreading  a 
band of clouds northeastwards f o r  over 4500 km i n  
less than  12 hours. Some of t h i s  development must 
have occurred simultaneously along t h e  b u r s t  axis. 

This buret 

* A. V. Douglas and P. Englehart ,  1983: Factors 
leading  t o  the  heavy p r e c i p i t a t i o n  regimes of 
1982-83 in t h e  United S t a t e s  and Mexico, presen- 
t ed  a t  t h e  8 t h  C l i m a t e  Diagnostics Workshop, 
Toronto, October 17-21. 

developed moisture b u r s t  as t h e  lead ing  edge of 
t he  cloud band crossed  land ( see  Fig. 1 ) .  
4 (a )  and 4(b) dep ic t  c ros s  s e c t i o n s  of equiva len t  
p o t e n t i a l  temperature (ee) 48 hours a p a r t ,  bracket-  
i ng  the  motion of cloud4 through the  sec t ion .  

Figs. 

Fig. 4 (a ) .  .Cross-section of equivalent po ten t ia l  
tempemture, a p p m x i m t e l y  along the wsst coast of 
North Amsrica fmm 2OoN (to the A g h t l  to 4S0N, 
valid at 12 2, 22 January 1979. Isotherms i n  OK. 

Fig. 4(b) .  Ao in (a), w e p t  a t  22 2, 24 January 
1979. 
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Fig. 4(c).  
and (b), i n  OC. 

The arithmetic difference between (a) 
Poaitive Ua1uea denote wnning. 

Fig. 4(c )  shows Fig. 4(b) minus Fig. 4 (a ) .  The 
f ollowing p o i n t s  bear emphasis : 

of e due t o  both temperature and humidity changes, 
bu t  sue  prirnnrily to  moistening south  of LaPaz; 

Des tab i l iza t ion  of the lower- and 
mid-troposphere south of Mazatlan; 

The u p p e r  t ropospher ic  warming nor th  
of Empalme due to  the continuous lowering of t h e  
tropopause; 

no r th  of San Diego (WYF in Fig. 4)  of over 10°C, 
centered  a t  500 mb: 

a )  The inc reas ing  h o r i z o n t a l  g rad ien t  

b) 

c )  

d) The s t rong  mid-tropospheric cool ing  

e) The as soc ia t ed  weakening and south- 
ward spreading  of the j e t  maximum from 70 m/sec on 
t h e  22nd t o  50 m/sec on t h e  24th a t  200 mb ( f i g u r e  
no t  shown). 

A fu r the r  examination of t h e  changen i n  
v e r t i c a l  s t r u c t u r e  is shown i n  Fig. 5 ,  a t i m e  sec- 
t i o n  a t  Empalme. The heavy l i n e s  d e l i n e a t e  s t a b l e  
l a y e r s  and inversions derived from temperature da t a  
(isotherms are not shown), and t h e  l i g h t  l i n e s  a r e  
i s o p l e t h s  of dew point depression. I n  t h i s  f i g u r e  
appears:  

mb on t h e  22nd, at the same time the  l ead ing  edge 
of the  moisture burs t  between 400 and 300 mb passed 

a) Moist convection wi th  a top  a t  600 

Empabe; 

b) A moistening of t he  e n t i r e  tropo- 
sphere  on t h e  24th, j u s t  be fo re  t h e  b u r s t  paased 
ou t  of t h e  Empalme region; 

a t  least as high as 400  ad^ a t  Empalme on t h e  24th; 

t r a d e  wind inversion throughout t h e  du ra t ion  of 
t h e  f i r s t  moisture bu r s t ;  

genes is  a t  Empalm although the  l apse  rate becomes 
somewhat more s t a b l e  below 500 mb; 

The l i k e l y  passage of a su r face  f r o n t  
a t  about 00 2 on the 25th, j u s t  ahead of t h e  second 
moisture b u r s t  a l o f t  (although the  f r o n t  is suppor- 

c )  

d) Sporadic s t a b l e  l a y e r s  above t h e  

Strong evidence of moist convection 

e )  No evidence of la rge-sca le  f ronto-  

f )  

Fig. 5 .  
h b p t m S ,  over uhich both burate paaaed. 
linea give 5 and 30°C depreaaiona. 
notea depreaaiona b a a  than 5OC. 
denote s table  tayera, invemiona, and tmpopauae, 
as dei ic ted  by the tsmperature fieta (not ahom). 

Time a e o t i a  of dewpoint depreaaiun a t  

Shading de- 
Light  

Heavy linea 

t ed  by t h e  thermal f i e l d  a t  midleve ls ,  no evidence 
is found i n  the  continuously dry  a i r  between 700 
and 500 mb); 

g) 
500 mb i nve r s ion  on t h e  27th. 

An unusual moist  reg ion  below t h e  

The t i m e  section i n  Fig. 5 sugges ts  t h a t  
t h e  two fully-developed moisture b u r s t s  appear t o  
be very  d i f f e r e n t  e n t i t i e s  as they  e n t e r  Ncrth 
America. The f i r s t  b u r s t  shows l i t t l e  f r o n t a l  
character, i n  s p i t e  of t h e  inc rease  i n  h o r i z o n t a l  
g rad ien t s  shown i n  Fig. 4. The second b u r s t  seem 
t o  b e  s t rong ly  a s soc ia t ed  wi th  a moving co ld  f r o n t  
and seem t o  have no s i g n a l  below 550 mb except a 
s l i g h t  cool ing  of t h e  atmosphere expected wi th  t h e  
f r o n t a l  passage. 

5.2 Sub t rop ica l  P a c i f i c  S t ruc tu re  

These b u r s t s  can be examined over t h e  
s u b t r o p i c a l  P a c i f i c  w i th  the  a i d  of satellite- 
der ived  soundings (TOVS) from the  FGGE d a t a  ar- 
chive. A time series of soundings ( v i t h  t i m e  in- 
c r eas ing  t o  the  r i g h t )  cen tered  a t  25'N and 121OW 
appears i n  Fig. 6; t h i s  l o c a t i o n  is on t h e  north- 
western edge of t h e  f i r s t  b u r s t  and d i r e c t l y  under 
the  second. 
series of rawinsonde d a t a  a t  San Diego, 900 km t o  
t h e  no r theas t .  Both of t hese  t i m e  s e c t i o n s  are 
p l o t t e d  i n  terms of depa r tu re s  from t he  s e c t i o n  
mean. Avai lab le  moisture d a t a  are not  discussed. 

Also shown i n  Fig. 6 is a similar time 

Though more numerous than radiosondes,  
t he  sa te l l i te  soundings are not  a s  d e t a i l e d ;  i n  
add i t ion ,  i n  the  presence of c louds ,  d i f f e r e n t  re- 
t r i e v a l  procedures are employed and these  sound- 
ings are biased  d i f f e r e n t l y  than c l e a r  sky retrie- 
va ls .  A c o l l o c a t i o n  s tudy  of radiosonde and satel- 
l i te  soundings over t h e  P a c i f i c  during t h i s  per iod  
show t h a t  t he  clear-sky TOVS are s y t e m t i c a l l y  cold 
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C 

Fig. 6 (a ) .  
temperature ( ~ t h  time increasing to the r i g h t )  
heated appzwx6mtely at 25 N and 121 W. 
isotherms are departures from the seci;im i i i i ~~  
at each pressure level in C. 

T h  sectwn of satellite-derived 

The 

t w l V  

Fig., 6(b). 
~ z n e o n d s s  at Sari Diego. 

As in  (a), m m p t  the data are 

and d ry  and t h e  cloud contaminated TOVS are 
sys t ema t i ca l ly  warm. See McCuirk &. (1984). 
These b i a s e s  are d i f f e r e n t  than  ind ica t ed  i n  pre- 
v ious  r epor t s ;  see S c h l a t t e r  (198l) ,  f o r  example. 

S a t e l l i t e  time s e c t i o n  r evea l s  t he  

a )  

following poin ts :  

changes as the  b u r s t s  pass ,  bu t  t h e  changes are of 
uniform sign throughout t h e  troposphere;  

Cooling is observed before  t h e  b u r s t  
e r u p t s  and then warming occurs  ae t he  cloud band 
passes  on t h e  21s t  and aga in  on t h e  26th; 

w i th  a maximum a t  t h e  sur face .  

The satellite shows l a r g e  t e v e r a t u r e  

b) 

c )  For both b u r s t s ,  t h e  cool ing  occurs 

The rawinsonde s e c t i o n  f o r  San Diego 

d) 

shown the fo l lov ing:  

t h e  upper troposphere,  except they are much l a r g e r  
than  t h e  sa t e l l i t e -obsemed  valucn; 

changes occur  wi th  s i g n s  oppos i te  t o  those  of the 
upper troposphere.  

It is uncer ta in  whether t h e  b u r s t  be- 
havior  is d i f f e r e n t  over t h e  ocean and over San 
Diego. The b u r s t  is not  completely an  advec t ive  
e f f e c t ;  t h e  f i r s t  bu r s t  e rupted  a n  a band of clouds 
extending from nea r ly  16OoW along t h e  ITCZ a t  3'N 
between 00 and 15 2 on t h e  21s t .  

Temperature changes are s i m i l a r  in 

d) I n  t h e  lower troposphere,  temperature 

For cloud8 t o  

have moved from t h e  o r i g i n  t o  the  c o a s t  of Baja 
Ca l i fo rn ia ,  they would have had t o  average 80 
mfsec, even i n  t h e  v i c i n i t y  of t h e  equator ;  t he re  
is no evidence of t hese  speeds. The clouds more- 
l i k e l y  appeared nea r ly  simultaneously along a long 
s t r e t c h  of t h e  moisture axis. Thus, con t inu i ty  of 
s t r u c t u r e  between t h e  TOVS l o c a t i o n  and San Diego 
is no t  e s s e n t i a l .  Secondly, only one of the TOVS 
r e t r i e v a l s  w a s  n o t  cloud contaminated, and a four- 
day gap appeared i n  t h e  TOVS t i m e  s e c t i o n  during 
t h e  per iod  of t h e  f i r s t  burst .* F ina l ly ,  c a r e f u l  
a n a l y s i s  is being  i n i t i a t e d  t o  determine the 
a b i l i t y  of sa te l l i te  t o  proper ly  r ep resen t  atmos- 
phe r i c  s t r u c t u r e  i n  t h i s  normally data-sparse are& 
of t h e  t r o p i c a l  Pac i f i c .  

5.3 Equa to r i a l  S t r u c t u r e  

Moisture b u r s t s '  v a r i a t i o n  wi th  t h e  E l  
Ni6o event  calls t o  ques t ion  what kind of f e a t u r e  
can t r i g g e r  t h e  bu r s t s .  
answer is no t  y e t  a v a i l a b l e ,  c e r t a i n  observa t ions  
are apparent.  Ae previous ly  mentioned, b u r s t s  are 
normally a s soc ia t ed  wi th  troughs extending south- 
ward out  of t h e  nor thern  mid-lati tudes;  however, 
b u r s t s  are not  o f t e n  t r igge red  by obvious f r o n t a l  
i n t e r a c t i o n s .  

Although a d e f i n i t i v e  

200 mb wind f i e l d s  prepared by the  
European Center i n d i c a t e  a weak trough, cen tered  
a t  about 165OW extending an f a r  southward a s  12ON 
on t h e  20th. The trough i n t e n s i f i e d  and extended 
southward, so t h a t  by 00 Z on the  22nd, when the  
b u r s t  had a l r eady  appeared, t h e  trough could be  
seen a t  8's. 
t h e  southwes ter ly  jet  a s soc ia t ed  with t h i s  trough. 
A t  t he  same t i m e  t h i s  trough ampl i f ied ,  a southern 
hemispheric d i s tu rbance  a t  145OW i n t e n s i f i e d ,  so 
t h a t  by 00 2 on t h e  22nd, s t rong  Sou the r l i e s  ex is -  
t e d  from 30's. streaming ac ross  t h e  equator between 
130 and 15OoW. On t h e  equator  i t s e l f ,  a sou the r ly  
jet of 25 m/sec was observed. I f  t h i s  wind maximum 
is assoc ia t ed  with t h e  s u b t r o p i c a l  jetstream, it 
does no t  f i t  t h e  customary model. 
Vincent (1983) show t h a t  t hese  c ross -equator ia l  
s o u t h e r l i e s  were a p e r s i s t e n t  f e a t u r e  f o r  a t  least 
t e n  days be fo re  the  bu r s t .  

The b u r s t  occurred i n  the  reg ion  of 

Huang and 

Anomalous flows a l s o  occurred i n  t h e  low- 
er atmosphere. Figs. 7(a)  and 7(b) show the  
s a t e l l i t e - d e r i v e d  cloud-tracked winds be fo re  and 
dur ing  t h e  f i r s t  bu r s t .  
c louds  above 770 mb and t h i c k  arrows i n d i c a t e  ad- 
d i t i o n a l  rawinsonde and p i b a l  da ta .  
e a s t e r l y  tradewinds nor th  of t h e  equator are c l o s e  
t o  climatology. The easterlies on the  equator  be- 
tween 210 and 235OE are also c l ima to log ica l ly  ex- 
pected; however, t h e  enhanced c loudiness  i n  t h i s  
reg ion  l e  a s soc ia t ed  wi th  a westward moving wave 
centered  on t h e  equator  and moving only a few 
meters pe r  second. 
wind f i e l d s  is t h e  e q u a t o r i a l  westerlies between 
t h e  d a t e l i n e  and 210"E. 
observed i n  t h e  sa te l l i te  da ta  of t h e  20th because 
of the presence of s h i e l d i n g  middle and high cloudi- 
ness.  
f a r  am 5'N and 207'E. 
pla ined  by two f ea tu res .  F i r s t ,  if t he  South 

Cloud boundaries e n c i r c l e  

The north- 

The unusual f e a t u r e  of bo th  

These westerlies cannot be  

On t h e  24th, westerlies extended a t  least as 
These westerlien can be  ex- 

* The FGGE satellite arch ive  a v a i l a b l e  through 
NCAR is an abridged set, and t h i s  type  of gap w i l l  
be  e l imina ted  using t h e  f u l l  FGGE set a v a i l a b l e  
through t h e  World Data Center. 
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t r o p i c s  and t h e  mid la t i t udes  w i l l  not be observed. 

6. CONCLUSIONS 

Moisture b u r s t s  e x i s t  and c o n s t i t u t e  a 
The b u r s t s  are t y p i c a l  behavior along t h e  ITCZ. 

synopt ic  i n  both  length  scale and dura t ion .  They 
occur anyvhere along the P a c i f i c  ITCZ but  genera l  
c i r c u l a t i o n  anomalies--El Ni;o--can modify t h e i r  
occurrence irrmensely. 

S a t e l l i t e  and FGGE s p e c i a l  data can be 
used t o  i n v e s t i g a t e  ind iv idua l  b u r s t s ,  but t he  
data q u a l i t y  end frequency is s t i l l  f a r  s h o r t  of 
optimum. The two b u r s t s  s tud ied  are both  r e l a t e d  
to ,  and d i f f e r e n t  from, f rontogenes is .  The la rg-  
est changes downstream of t h e  o r i g i n  reg ion  on t h e  
ITCZ inc lude  upper t ropospher ic  warming, southward 
expansion of t he  s u b t r o p i c a l  J e t ,  and moistening 
and d e s t a b i l i z a t i o n  of t h e  troposphere sou th  of 
t h e  jet core.  

I n  the  o r i g i n  reg ion ,  t he  t r i g g e r i n g  of 
t h e  observed b u r s t s  are r e l a t e d  t o  upper l e v e l  
troughs from t h e  nor thern  mid- la t i tudes ,  s t r o n g  
c ross -equa to r i a l  flow a t  200 mb from the  southern  
sub t rop ic s ,  and both eastward and westward moving 
d is turbances  i n  t h e  lower troposphere.  Anomelous 
lower t ropospher ic  e q u a t o r i a l  westerlies occurred 
d i r e c t l y  east of t he  po in t  of o r i g i n  and extended 
underneath t h e  cloud band as it extended north- 
eastwards from t h e  ITCZ. 
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Fig., 7(a) .  
mtrons betorj 770 mb observed at OC Z 20 Jan~rrry 
1979. 
Thick m w s  denote d t t i a r y  850 mb pibat  Wind#. 
Scattoped tines depict  cloud bacndans a for middle 
mrd high ctouda. 

Satel l i te-derived winds baaed on ctoud 

Speed scale i s  i n  upper r ight  hand corner. 

m. 1 

J 04a 

Fig. 7(b). As i n  (a),  ezcept for 24 JamwUy 1979. 

P a c i f i c  Convergence Zone (SPCZ) extended some 40' 
f a r t h e r  e a s t  t h a n  its climatologically-expected 
eastern margin, westerlies would r e s u l t  (Atkinson 
and Sadler ,  [1970]). Unfortunately,  Huang and 
Vincent ' s  (1983) ana lys i s  shows no evidence of 
t hese  westerlies, even though they show that t h e  
SPCZ w a s  displaced f a r  east of i ts normal pos i t i on .  
Second, a wave centered a t  about 10's w a s  observed 
t o  move eastward a t  about 15 mlsec; t h e  middle and 
high clouds are assoc ia ted  wi th  t h i s  wave. 
t hese  low-level waves are e a s i l y  i d e n t i f i e d  on NMC 
low-level s a t e l l i t e - w i n d  ana lyses .  

Both of 

Aa these two low l e v e l  waves approached 
each o the r ,  an i n t e r e s t i n g  f e a t u r e  occurred. While 
they  were well-separated, t he  c louds  a s soc ia t ed  
wi th  them remained i n  the v i c i n i t y  of t he  ITCZ. 
The moisture bu r s t  erupted explos ive ly  when t h e  two 
waves approached and became ind i s t ingu i shab le  from 
each o ther .  

I t  is not c l e a r  what r o l e  these  two dis -  
turbances played in  t h e  t r i g g e r i n g  of t he  moisture 
bu r s t .  
t he  change of buret  frequency dur ing  E l  Nino ind i -  
cate t h a t  c e r t a i n  kinds of d i s turbances  along the  
ITCZ are necessary f o r  moisture b u r s t s .  
them, t h e  Hadley c e l l  csn be very a c t i v e ,  bu t  
b u r s t s  and t h e  concomitant coupling between the  

On t h e  other hand, t h e  disturbance? and 

Without 
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ABSTRACT 

Synoptic-scale "moisture bursts" are defined, based on infrared GOES imagery, and their syn- 
optic climatology is developed. Quantitative analysis of satellite-derived individual chan- 
nel radiance data and vertical eigenfunctions of complete channel data yield rich structural 
detail; these details do not appear in FGGE analyses in regions void of conventional meteo- 
rological data. 

INTRODUCTION 

Tropical circulation has been characterized as steady, sluggish, and dominated by convective- 
scale events. Modern evolution of satellite observing systems has demonstrated the richness 
and frequency of larger-scale circulation systems. Sophisticated analysis procedures have 
contributed to the interpretation of diverse data sets, and have even made extrapolation into 
data-sparse regions possible. 
a synoptic climatology sense, and their mean structures deduced. 

These satellite-observed weather systems can be classified in 

One stumbling block in the analysis and classification is the proper interpretation of the 
various forms of satellite data. Satellite imagery generally is used only to delimit cloudy 
and moist areas. 
serious biases dependent on the synoptic behavior they try to quantify. Temperature and 
moisture reconstructions in the vertical are smoothed both by the satellite measurement . 
capability and by the statistical retrieval techniques invoked. In data-sparse regions in 
the tropics, four-dimensional analysis schemes introduce large, and uncertain, errors / 2 , 3 / .  
We present aqexample of a type of tropical synoptic system, outline how its climatology is 
established from satellite imagery and introduce two quantitative satellite-analysis proce- 
dures to summarize the system's thermodynamic structure. 

Both temperature reconstruction /1/ and wind computations 1 2 1  possess 

QUALITATIVE METHODS 

Often bands of middle and high cloud move 
out of the ITCZ, extending thousands of 
kilometers northeastward into the midlati- 
tudes / 4 , 5 / .  These synoptic-scale systems, 
when fully developed, are typically linked 
with the subtropic jetstream. 
of the event, called a "moisture burst", 
appears in Fig. 1. Its behavior can be Fig. 1. Schematic depiction of the time evolu- 
rigorously documented through satellite 
infrared imagery by a judicious definition 
of its typical appearance. The key 1979. Numbers give the date. 

An example 

tion of the high-cloud leading-edge of a mois- 
ture burst occurring between 21 and 25 January 
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elements of the burst 'definition, applied to infrared GOES West imagery, are: 
ous high- o r  mid-level cloud band (detected from images of false-color brightness tempera- 
tures), (2) at least 2000 km in length, ( 3 )  source equatorward of 15"N, and, finally ( 4 )  
extends poleward of 15ON. 
source region and terminated when one of the four criteria above is violated. This defini- 
tion can be extended by including other qualitative satellite products, though these proce- 
dures are not discussed herein. 

(1) continu- 

It begins when a cloud mass is first detected in the burst's 

4 -  _J\I :::w: 8 4 

16 - 
12 - 
8 -  

I I I t I 0 

Fig. 3 summarizes the vertical moisture and stability distribution, as depicted by radiosonde 
data, of a pair of bursts as they cross the west coast of North America. Of particular 
interest is the high variability in the vertical distributions. The burst is apparently much 
more than a passive tracer marking the subtropical jet axis. 
time section, the two bursts have very different structures: the first, moist throughout the 
troposphere and accompanying frontogenesis; the second, essentially dry below 400 mb and 
above the boundary layer. 

In fact, as indicated in the 

Fig. 3 .  -Time section of moisture and stability at Empalme, Mexico during January 1979,' 
as two bursts passed over the radiosonde station. 
dew point depressions, with the shading giving nearly saturated regions. 
give temperature inversions. 

Thin lines represent the 5 and 30°C 
Heavy lines 
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QUANTITATIVE METHODS 

To minimize the aforementioned vertical smoothing of satellite radiance data, we propose to 
examine the horizontal structure of satellite radiances (reduced to equivalent brightness 
temperatures) before these data are processed into vertically-reconstructed soundings 161. 
Two products have been prepared. 

The first, Fig. 4 is the horizontal distribution of brightness temperatures of an individ- 
ual spectral channel from TIROS-N. The channel is a microwave one with peak energy contri- 
bution from near the surface, decreasing to 50% at about 700 mb. The heavy arrow represents 
the moisture burst axis. The strong gradient in signal in the northeast corner is spurious 
and due to the emissivity differences between ocean and land surfaces. The three warm cores 
along the axis infer warm regions close to the surfacp and an absence of deep cloud layers. 
A second channel, not shown, suggests that the warm cores appear under a cold trough extend- 
ing southward across the equator at 700 mb. 
is unclear, but they do not appear in the FGGE gridded analyses. Thus, Fig. 3 exhibits a 
richness of structure which does not appear in current analysis products. 

The reason for, and meaning of, these warm cores 

Fig. 4 .  Distribution of near-surface microwave channel brightness temperatures for 23 
January 1979. Isopleth interval is 5°C. Heavy arrow and circle gives moisture burst 
axis and origin. See text for interpretation. 

The second satellite product is a statistical assimilation of a large collection of satel- 
lite channel data, again emphasizing horizontal variability. The TIROS-N sounding data 
are decomposed into vertical eigenfunctions (in a process similar to that used in sounding 
reconstruction). The horizontal distributions of the amplitudes of these vertical eigen- 
functions are then analyzed. Fig. 5 depicts a typical eigenfunction which, although it 
explains only 1.8% of the total field variance for this time period, clearly represents a 
portion of the moisture burst signal. This eigenfunction is essentially a tropopause and 
surface-layer thermal and boundary-layer moisture signal. 
ient across the burst axis, warm tropopause, and warm, dry boundary layer to the south of 
the burst axis. 
easterly wave which appears in low-level streamlines analyses (not shown). 

Fig. 5 indicates a strong grad- 

A strong positive center southwest of the burst origin is related to an 

Two important additions to the eigenfunction and the channel-radiance analyses are being 
developed. The satellite data base is plagued by occasional missing passes; further, no 
tropospheric infrared information is available in overcast regions. We have used various 
regression procedures to estimate TIROS channel data from NOAA 5 data, and ‘from available 
TIRCS microwave data in cloudy regions. Tests with this procedure reproduce 40 to 90% of 
the variance of most TIROS-N channels. 
moisture channels above 900 mb seem to be poorly reproduced. 

The only deficiency of the procedure is that the 
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Fig. 5. Horizontal distribution of amplitudes oi i i r i  eigsnfiiacticn cf TIBE-N channel 
radiance data for 23 January 1979. 
and warm tropopause, approximately. Heavy arrow represents burst axis and the circle 
the burst origin region. 

Positive values represent warm, dry boundary layer 

SUMMARY 

We have described one qualitative and two quantitative techniques for applying satellite 
data to the development of synoptic climatologies in data-sparse regions. For the example 
of synoptic-scale bursts, it is seen that simply-applied geometric definitions can effect- 
ively characterize certain synoptic systems. 
excellent horizontal and temporal resolution of satellites, while minimizing their relative- 
ly poor vertical resolution. 

The quantitative procedures utilize the 
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1. INTRODUCTION 

Recent i n t e r e s t  i n  t h e  Southern Oscil- 
l a t i o n ,  t h e  Walker c i r c u l a t i o n ,  and E l  Nizo h a s  
led  t o  increased  demand f o r  r e l i a b l e  a n a l y s e s  of  
the  s t r u c t u r e  of the atmosphere of t h e  eastern 
por t ion  o f  t h e  t r o p i c a l  and s u b t r o p i c a l  P a c i f i c  
Ocean. Our own i n t e r e s t  i n  t h e s e  ana lyses  is  
r e l a t e d  t o  t h e  phenomena l i s t e d  above, b u t  a l s o  i s  
because of  concern wi th  plumes, o r  b u r s t s ,  of 
middle and h igh  clouds w h k h  o r i g i n a t e  i n  or near  
the i n t e r t r o p i c a l  convergence zone (ITCZ) of  t h e  
e a s t e r n  P a c i f i c  Ocean. These b u r s t s  move north-  
eastward i n t o  m i d d l e  l a t i t u d e s ,  as e i t h e r  a j e t -  
stream or merging t h e r e  wi th  t h e  jet  stream; they  
a r e  o f t e n  associated with cyc logenes is  and pre- 
c i p i t a . t i o n  events  over  t h e  southern t ier  of  states. 
We require analyses  o f  t h e  area mentioned above 
t o  examine t h e  or ig in  and subsequent behavior  of 
the mois ture  plumes or "moisture b u r s t s "  as w e  
have chosen t o  c a l l  them. The most s a t i s f a c t o r y  
procedure i n  a t t a i n i n g  ana lyses  f o r  such data-  
poor regions as t h e  eastern P a c i f i c  i s  t o  combine 
convent ional  meteorological  d a t a  wi th  d a t a  re- 
t r i e v e d  from s a t e l l i t e  rad iance  measurements. 
This paper  presents  some of  the  r e s u l t s  of com- 
par ing  and combining information from t h e  two 
sources  ( s a t e l l i t e  and convent ional)  i n  de te r -  
mining t h e  atmospheric s t r u c t u r e  a s s o c i a t e d  wi th  
a p o r t i o n  of  t h e  l i f e  c y c l e  of  an e a s t e r n  P a c i f i c  
mois ture  b u r s t .  

The cloud bands we r e f e r  t o  as mois ture  
b u r s t s  have been observed by o t h e r s ,  f o r  example, 
Morel et s. (1978), Davis (1981), and Thepenier 
and C r u e t t e  (1981). McCuirk and Thompson (1984) 
d e s c r i b e  t h e  burs t s  i n  some d e t a i l  and suggest  
t h a t  they may be r e l a t e d  t o  t h e  behavior  of t h e  
Hadley c i r c u l a t i o n .  F igure  1 shows a schematic  
d e p i c t i o n  of  t h e  moisture b u r s t  of  t h e  per iod de- 
s c r i b e d  i n  t h e  paper. Thepenier and C r u e t t e  
suggest  t h a t  i f  the b u r s t s  are a s s o c i a t e d  w i t h  
( s u b t r o p i c a l )  je t  formation andfor  w i t h  subsequent 
cyc logenes is  and p r e c i p i t a t i o n  events ,  then i t  
seems e s s e n t i a l  t o  understand more of t h e  t r i g -  
ger ing  and development processes. McGuirk and 
Thompson a l s o  note t h a t  c louds i n  t h e  v i c i n i t y  
of  t h e  b u r s t  genesis reg ion  sometimes move i n t o  ! 

the  reg ion  from the southern  hemisphere. Fur ther ,  
t h e  clouds sometimes e x h i b i t  winds wi th  t h e  meri- 
d i o n a l  component exhib i t ing  "jet stream" speeds 
near ,  or s o u t h  of ,  t h e  ITCZ. Nei ther  observa t ion  
is  c o n s i s t e n t  w i t h  convent ional  understanding of  
t h e  s u b t r o p i c a l  c i r c u l a t i o n  o r  of t h e  Hadley cell .  
Such concepts  require f u r t h e r  eva lua t ion .  

Fig. 1. Schematic depict ion of the time evoiiction 
of the high cloud boundary of a moisturc burst  
occurring between 21 and 25 January 1979. FZagged 
nwnbcrs give the date of the  associated cloud 
leading edge. (From McCuirk and Thompoo~,  1984.1 

2. DATA AND ANALYSES 

The c u r r e n t  i n v e s t i g a t i o n  uses  d a t a  
from t h e  F i r s t  GARP Global  Experiment (FCGE) 
S p e c i a l  Observing Per iod  (SOP). The t r o p i c a l  e a s t -  
e r n  P a c i f i c  Ocean I s  c h a r a c t e r i s t i c a l l y  a data-  
s p a r s e  region.  The supplementary radiosondes,  
dropsondes and p i b a l s ,  t o g e t h e r  wi th  an expansion 
o f  t h e  o p e r a t i o n a l l y  a v a i l a b l e  a i r c r a f t ,  s u r f a c e  
and s h i p  r e p o r t s  a i d  i n  making t h e  FGGE SOP more 
amenable t o  s tudy.  Even t h e s e  s p e c i a l  d a t a ,  
however, leave t h e  coverage f a r  from i d e a l .  

The s a t e l l i t e  coverage a l s o  was in- 
c reased  dur ing  the  SOP. Enhanced coverage of 
s a t e l l i t e - d e r i v e d  winds and tempera tures  and rad-  
i a n c e  d a t a  for s e v e r a l  wavelength channels  were 
a v a i l a b l e  f o r  melding wi th  t h e  convent ional  da ta .  

Data from two sa te l l i t e  systems were 
used. These systems w e r e  t h e  Geos ta t ionary  
Opera t iona l  Environmental S a t e l l i t e  (GOES) system 
( e s p e c i a l l y  GOES-West) and t h e  sun-synchronous 
TIROS-N sa t e l l i t e .  Data from t h e  NOM-5 system, 
i n  p o l a r  o r b i t ,  have been prepared but  a r e  not 
included i n  t h i s  paper. I n f r a r e d  rad iances  mapped 
out  as p i c t u r e s  of  t h e  cloud cover  were obtained 
from t h e  GOES system. Information from the  TIROS- 
N Opera t iona l  Vertical Sounder (TOVS) was  a l s o  
used. The TOVS w a s  descr ibed  by Smith et&., 
(1979). We are us ing  mapped d a t a  from s e v e r a l  of 
t h e  i n d i v i d u a l  channels  of  TOVS radiance  measure- 
ments, and a l s o  r e t r i e v e d  atmospheric  temperature  
soundings. I n  t h i s  paper  we have used information 
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from only  fou r  of  t h e  channels. The channels  
used inc lude  Channels 10 and 1 2  of t h e  High reso- 
1ut ion I n f r a r e d  Radia t ion  Sounder (11IRS-2) and 
Chaniiels 1 and 2 of t h e  Microwave Sounding Unit  
(:is11). For convenience, w e  have chosen i n  o u r  
diagrams t o  r e f e r  t o  t h e  two MSU channels  as  
Ch. 2 1  and Ch. 22,  r e spec t ive ly .  

Another form of information r e t r i e v e d  
from t h e  s a t e l l i t e  d a t a  is t h e  wind ob ta ined  by 
t r a c k i n g  i d e n t i f i a b l e  po r t ions  of  t h e  cloud 
p a t t e r n s ,  o r  t h e  "cloud-tracked winds". 
cloud-tracked winds a r e  based on cloud elements 
e s t ima ted  to  be  a t  or above t h e  30 kPa p res su re  
l e v e l .  The lover cloud-tracked winds are presumed 
t o  r ep resen t  f low below t h e  70 kPa p res su re  l eve l .  
These d a t a  a r e  a v a i l a b l e  from the  FGGE Level I1 
archive .  We have superimposed the  upper-level 
cloud-tracked winds on t h e  b r igh tness  tempera ture  
a n a l y s i s  of  t h e  Ch. 12 da ta ,  whi le  the  lower-level 
t i f n d s  a r e  on t h e  corresponding c h a r t  of t h e  Ch. 
10 information. 

The upper 

Extens ive  use  was made of t h e  Level IIb 
and Level I I I b  d a t a  as prepared by t h e  European 
Ci.nter f o r  Medium Range Weather Forecas ts  ( E m ) .  
Gridded d a t a  from t h e  ECMWF set were e x t r a c t e d  
f o r  an area bounded by l a t i t u d e s  20's and 30'N 
and bv l c q g i t u d e s  180" and 90'W on a 3.75" x 3.75' 
l a t / l o n  g r i d .  
da t a  cover  t h e  same a rea  when poss ib l e ,  and are 
o u r  own o b j e c t i v e  a n a l y s i s  based on t h e  Level 
I I b  data .  

Analvses of t h e  s a t e l l i t e - d e r i v e d  

The per iod  examined i n  d e t a i l  extended 
E r m  21 January  1979 t o  28 January 1979. The 
examples presented  in t h i s  paper were s e l e c t e d  
from mappings f o r  t h e  24th and 25th. 

3. SPXOPTIC PATTERNS DETECTED BY TOVS 
MICROWAVE AND WATER VAPOR CHANNELS 

The fou r  TOVS channels a r e  se lecced  t o  
dep ic t  s y n o p t i c  s c a l e  systems over t h e  P a c i f i c  
Ocean. The two microwave channels d i scussed  
h e r e i n  r e p r e s e n t ,  approximately,  b r igh tness  tem- 
pe ra tu res  i n  t h e  v i c i n i t y  of 70 kPa (Ch. 2 2 )  and 
t h e  s u r f a c e  (Ch. 21). The i n f r a r e d  channels  
measure,approximatelv,  moisture (expressed as 
b r i g h t n e s s  temperature) a t  t he  50 Wa (Ch. L2) 
and 90 kFa (Ch. 10) i e v e l s .  Addi t iona l ly ,  20 kPa 
temperacure and 85 itPa geopo ten t i a l  he ight  and 
r e l a t i v e  humidity f i e l d s  from t h e  ECMWF Level 
I I I b  ana lvses  are $ s e d .  Comparisons are made 
bet-dec.71 the svnop t i c  p a t t e r n s  f o r  00 [;FIT an 24 
January and those  f u r  00 (XT on 25 January.  

The microwave cnannels are used because 
of c h r t r  I b l l l t v  t o  probe through clouds where 
IR c h a n n e l  d a t a  aTe not ava i l ab le .  The water 
vapor ch.inne1r are used t o  d e l i n e a t e  moisture- 
r<v;i areas ind a l s o  t o  trxK wind mxima (Martin 
and Salomon?iori. 10:O). The :loud-tracKed vtnas 
n r ?  u n r e l i a b l e  i n  t h e  presence of an overcas t  
C i i r u d  CU\ 'PK. 

3.1 

? . I n  U p p e r  Troposphere (70 kPa ind above) 

There a r e  two t ipper  eropoaohcric 
nilcrounve channels  av.l i lnnlr  from the  TOVS MSU. 

The uppermost channel  h a s  a peak energy cont r ibu-  
t i o n  from near  t h e  30 kPa l e v e l .  The f e a t u r e s  in 
t h i s  channel are no t  shown because they  a r e  very  
broad and l ack  d e t a i l .  The MSU Channel 2, [ h e r e  
r e f e r r e d  t o  as TOVS Channel 221 is d i scussed  
in s t ead .  North of 20"N (see Fig. 2 )  t h e  tempera- 
t u r e  f i e l d  is  predominantly zonal wi th  small-ampli- 
t ude  s h o r t  waves embedded. The s t r i k i n g  f e a t u r e  is 
t h e  deep co ld  axis n e a r  145"W extending  from 20" 
to a p o s i t i o n  sou th  of t h e  equator .  In a d d i t i o n ,  
t h e r e  is a southern  hemisphere co ld  a x i s  nea r  
140"W which a l s o  ex tends  a c r o s s  t h e  equa to r  i n t o  
t h e  no r the rn  hemisphere. These two co ld  axes  
could be i n t e r p r e t e d  r e a d i l y  as a s i n g l e  co ld  a x i s  
ex tending  a c r o s s  t h e  equa to r  between 140°W and 
150'W. The e a s t e r n  and western e q u a t o r i a l  r eg ions  
are dominated by broad zonal ly-or ien ted  warmer 
regions.  

The HIRS Water Vapor Channel 12  (50 kPa) 
and the  cloud-tracked winds above 20 kPa are  
i l l u s t r a t e d  i n  Fig. 3. As can be  seen, t h e r e  is 
good synopt ic -sca le  d e t a i l  in t h e  s a t e l l i t e - d e r i v e d  
p a t t e r n ,  w i th  e x t e n s i v e  t roughs  and r idges .  There 
a l s o  appear to be l a r g e  embedded mesoscale (500- 
1,000 km) f ea tu res .  

A w a r m  (OK dry)  a x i s  ex tends  from 10°?5, 
170'51 t o  25"N. 140"W t o  25"N, 12O'W, where t h e  d a t a  
become spa r se ;  i t  appea r s  aga in  a t  30"N. 95'W. 
According t o  Mar t in  and Salomonson (1970). c e r t a i n  
water vapor channel  rad iances  have a s t r o n g  rela- 
t ionshiD t o  t h e  southwes ter ly  s u b t r o p i c a l  j e t  
s t ream (STJ) maxima over t h e  United S ta t e s .  The 
sugges t ion  is t h a t  t h e  STJ p a r a l l e l s  t he  high 
(d ry )  temperature a x i s  which ex tends  deep i n t o  t h e  
t rop ic s .  Other h igh  temperature axes e x i s t  i n  
:he eclstern P a c i f i c  Ocean, and alsoone  is  cen te red  
a t  10"s. 135O'd t o  2ON, 142 OW. The cloud-tracked 
winos, denoted i n  t h e  f i g u r e s  by arrows, appear  t o  
l i e  i n  t h e  a r e a s  of t i g h t  g rad ien t  except  a t  15"N 
between 125"W and 105"W. where they are t r a n s v e r s e  
t o  the  low tempera ture  (wet) a x i s .  

Low t empera ture  axes i n  t h i s  channel  
should d e l i n e a t e  mois ture- r ich  a reas .  S ince  
t h i s  is an  I R  channel  peaking a t  approximately 
50 kPa, i t  is no t  a mapping of  cloud tops ,  bu t  
p r i ~ ~ i r i l y  of water vapor. An ex tens ive  co ld  (wet) 
axis (Fig. 3 )  extends  from 5"s. 165"W t o  t h e  equa- 
t o r  a t  15OoW where i t  s p l i t s  i n t o  no r the rn  and 
southern  branches. The no r the rn  branch runs from 
2'Y.  1 L 7 " W  t o  20°N, 115"W whi le  t h e  southern  branch 
curves  from L O N .  147"W t o  2'N, 131"W then south- 
eastward. The t w o  branches  sugges t  a mois ture  
"canal" ex tending  from t h e  southern  hemisphere 
r r r r p i c s  i n t o  t h e  mid- la t i tudes  and a l s o  a branch 
c i r c u l a t i n g  n e a r  t h e  equator  in t h e  southern  
hemtsurierr. These two f e a t u r e s  a r e  w e l l  dep ic t ed  
in t h e  Level TIIb r e l a t i v e  humidity a n a l y s i s  
f o r  70 W a  (no t  shown). 

The Level IIIb 200-mb t e a p e r a t u r e  annl- 
v s i s  f o r  20 kPa ( F i g .  4 )  shows an ex tens ive  co ld  
a x i s  from 10'N, 145"W northeastward and a co ld  
co re  nea r  15's. 14O"W. By compartng Figs.  2,  3 
i nd  4, w e  can see t h a t  t h e  cloud-tracked winds 
.ire c lose ly  a s s o c i a t e d  wi th  both  microwave and 
2 0  kP3 temperature pa t t e rns .  Also,  tho no i s t i i r e  
"-an.il" p resent  i n  t h e  water vapor channel l i p s  
:.~.;t e l s t  of t he  microwave co ld  a x i s  and qene rn l ly  
p a r i L l ~ 1 s  the  co ld  a x i s  a t  20 kPa. The southern  
henisnilere mois ture  "canal" is e a s i l y  a s s o c i a t e d  
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F i q .  2 .  ALzpring of grid-point valuzs o f  br i yh t -  
YPCS t e T e r a t u r e  (Celsius) of 01. 22 (Ch. 2, 
9..:58 -cmJ of the  K U J  with peak energy contribu- 
t:cn frcn near 70 kual radiances. 
Ir:,rcz-*mately 00 CAT 24 January 1979. 

Fig. 5. k p p i t t g  of g n ' d - p i n t  values of bright- 
ness temperature (Cels ius)  o f  Ch. 21 (Ch. I ,  
0.596 cm, of the EtsU, with  peak energy contribu- 
t ion fnn the surface) radiances. A F p r o r k t e Z y  
00 GtW 24 J m ~ a r y  1979. 

._ - _ _  - - -  
Fig. 6 .  
ness temperature (Cels ius)  of HiRS Ch. 1d (8.30 
v, a m t e r  vapor channel wi th  peak energ? con- 
t2n:but ia  from near 90 @a) radiances. 
cloud-tmck mkis are q e r i m p o s e d  (speeds in 
m/sec). Apprcximately 00 W 24 J m m j  1979. 

Mqping of gm'd-point values of bright- 

T h e  lowar 

-. 
~ :,:. :.-mrerat;w I -%LsiLsl I t  the 20 kna 
- 4 . ~ + . : ~ p :  :.r--rcm Tie X ! % F  k c e l  I i i b  analysis. 
?-r J ? i O  Jfl' C4 h m q  2979. 

wi:+ :?e microwave channel and t h e  20 kPa a n a l y s i s  
p a t t e r n s .  

Appropriate TOVS channels  and Level I I I b  
1n.ilvseR i n  t h e  lower t roposphere are now 
J i scsssed .  

_. 1 I b  Lover Troposphere (below 70 W a )  

The lower t ropovpheric microwave channel  
*-Y<L' "hannel :, here  r e f e r r e d  co as M V S  Channel 

: :s A "window" cnannel v l t h  peak energy con- 
:r:'-qicion from the surface.  Figure 5 shows t h a t  
: -71s: : e r a b l e  d e t a i l  is a v a i l a b l e  i n  t h i e  channel ,  
d c . : : ~  I major varm axis alonq the e q u a t o r  Crom 
.SiiU ..a ;55"U then northeastward t o  30°N, 105'W. 

.. . 

Fig. 7. 
sursace fm the ECMKF Level IIIb analys i s .  
stiFpZed areas hare r e k t i v e  h z d d i t i e a  a t  85 
&a b e w a n  70 X and 90 X .  For 00 GYl' 24 
u'm2zurj 1972. 

This w a r m  a x i s  c o i n c i d e s  very  c l o s e l y  wi th  t h e  
upper t ropospher ic  mois ture  "canal" ( s e e  Fig. 3 )  
and t h e  upper microwave co ld  ax is  (Fig. 2 ) .  The 
Channel 21  c o l d  a x i s  from lo's, 115.W to 2S0N, 
135% does  n o t  relate as w e l l  t o  t h e  upper tropos- 
p h e r i c  warm a x i s .  
its simal throughout  t h e  depth  of t h e  t roposphere.  

Height ( g ~ r n )  of the 85 kPa (850 mb) 
The 

Thus, t h e  moisturC b u r s t  shows 

TOVS Channel 10 Is a water vapor channel, 
As with  t h e  upper t ropospher ic  peaking a t  90 Wa. 

water  vapor channel ,  co ld  axes  should d e l i n e a t e  
moisture-r ich areas ("canals"). The l o v e r  
t ropoapher ic  c o l d  (wet) axes  (Pig. 6) r e f l e r t  t h e  
upper t ropospher ic  p a t t e r n s  (Fig.  3) but  wi th  
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F i g .  0. Sane as F i g .  2 except for 00 ChT 25 
vhsapj  1979. J m i q  1979. 

Fig. 11. Same as F i g .  5 ezcept  for  00 CJT 25 

F i q .  Q .  Same as F i g .  3 ercept  for 00 GW 25 
.:a!:sJ?y 13 -3. Jan?- 19". 

Fig. 12. Same as F i g . '  6 except for 00 Gfl 25 

Fig. 10. Same as F i g .  4 except for 00 Gfl 25 Fig. 13. Same as F i g .  7 ercept  for 00 GMT 25 
..-.rt::caq i979. January 1979. 

such less d e t a i l .  There are broad warm (dry)  
a r e a s  i n  t h e  e a s t e r n  and western p a r t s  of t h e  
r e c l a n  which are similar t o  upper t ropospher ic  
3dfrerns, bu t  t h e  upper varm (dry)  axis p a r o l l e l -  
;ng t h e  STJ is no t  r e f l e c t e d  nea r  t h e  su r face .  
i'ie cloud-tracked winds (Fig. 6) i n d i c a t e  t h e  
evnected e a s t e r l y  ( t r a d e )  v inds  i n  t h e  east and 
-=13 t ive lv  s t r o n g  e a s t e r l i e s  a e h o r t  d i s t a n c e  
e s t  of the d a t e l i n e .  The i n t e r e s t i n g  f e a t u r e  
1s -he  b e l t  of s t r o n g  vesterl ies,  up t o  16 m/s, 
nicnc t h e  equa to r  nea r  175"W and a long  t h e  
r l s t y i r e  "canal" t o  10'". 
? i c r f l c  Convergence Zone w a s  l oca t ed  30" t o  40° 
c q s z  nt' i c s  normal pos i t i on ,  t h e s e  westerlies do 
- 7 - c  seem t o  be a norchvard ex tens ion  of t h a t  
:mr!ex.  The lower water  vapor channel does  n o t  
i v - p a r  t o  b e  as u s e f u l  a s i g n a l  of  t h e  wind 
' i t t e r n  as t h e  upper water vapor channel,  wi th  
: ' e  w s s i b l e  except ion  of t h e  unusual ly  s t r o n g  
C r s c c r l l e u  feeding  :he ?loiscure "canal". Notice 
4 ! q c -  -lie c ross -equa to r i a l  flow in t h e  mois ture  
' ai> I?"  Jenocing  the  southern  hemisphere's  con- 
rrLblit lon t o  no r the rn  mid- la t i tude  moisture.  

Although t h e  South 

The Level  I I I b  he igh t  and r e l a t i v e  
humidity f i e l d s  f o r  85 kPa are shown i n  Fig. 7.- 
The he igh t  f i e l d  shows an ex tens ive  trough 
throughout t h e  t r o p i c s  from 20's' 160.W to 25'N, 
125'W. This trough co inc ides  wi th  the  microwave 
warm a x i s  and t h e  water vapor channel co ld  ( v e t )  
a x i s  (mois ture  "canal"). The cloud-tracked v inds  
correspond q u i t e  w e l l  t o  t he  he igh t  f i e l d :  paral-  
l e l  to the  con tour s  a t  l o c a t i o n s  avay from the  
equator  and blowing from high t o  low a long  c h e  
equator.  The 85 kPa r e l a t i v e  humidity f i e l d  is 
captured  w e l l  by t h e  mois ture  "canals" with t h e  
except ion  of t h e  eastern e q u a t o r i a l  reg ion  i n  
which t h e  Level  IIIb a n a l y s i s  denotes  high rela- 
t i v e  humidity and t h e  s a t e l l i t e  d a t a  i n d i c a t e  
dryness ;  which is r e p r e s e n t a t i v e  i n  t h i s  case  Is 
uncer t a in.  

3.2 Case 2: 00 CMT on 2 5  January 1079 

We d i s c u s s  t h e  same TOVS Channels arid 
Level I I I b  ana lyses  as are presented  for Case 1. 
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3.2a Upper troposphere (70 kPa and above) 

The rynoptic-scale p a t t e r n s  de t ec t ed  in 
t h e  microwave temperature (Channel 22)  d a t a  (Fig. 
8) are r i r i l a r  t o  those  24 h ear l ier ,  but  moved 
10' t o  15' of longitude t o  t h e  east. Zonal 
p a t t e r n r  s t i l l  are predominant n o r t h  of  20.N wi th  
broad w a r m  regioob over  mst o f  t h e  e q u a t o r i a l  
region. The cross-equatorial  co ld  axis is now 
loca ted  nea r  14O'U and Is lesr d i s t i n c t  than  
before.  The cloud-tracked winds (Fig. 9) i n d i c a t e  
t h a t  the  southern hemispheric c i r c u l a t i o n  has  ex- 
tended northward ac ross  the  equa to r  t o  n e a r l y  10". 

The cloud-tracked winds (Fig.  9 )  a l s o  
i n d i c a t e  some upper-level t roughing  near t h e  
equator  i n  the  eas t e rn  p a r t  o f  t h e  region. Th i s  
i s  supported by a co ld  axis in t h e  microwave 
channel and a warm dry a x i s  in t h e  w a t e r  vapor 
Channel 12. The cloud-tracked winds, as earlier. 
appear p a r a l l e l  t o  t h e  w a r m  d ry  axes  in t h e  Chan- 
n e l  12 high  gradient a reas .  Also, t h e  Channel 12 
c ~ l d  v e t  axes ,  O K  mois ture  "canals", co inc ide  wi th  
t!ie c i r c u l a t i o n  i n f e r r e d  from the  cloud-tracked 
winds wi th  t h e  exception of t h e  t roughing  nea r  
t!ie equator  i n  the e a s t .  The mois ture  "canal" 
once ayain extends from the  sou the rn  hemisphere 
near 155"U northeastward i n t o  t h e  mid- la t i tudes .  
The southern  hemisphere brpnch is s t i l l  ev iden t ,  
nov near  130'W. The moisture "canal" branches 
€ O K  t he  most part  p a r a l l e l  t h e  microvave co ld  
axes. 

The Level I I I b  20 kPa tempera ture  
a n a l v s i s  (Fig. 10) shows a s t r eng thened  co ld  c e l l  
in t h e  southern  hemisphere which is s t a t i o n a r y .  
The nc r the rn  nemisphere co ld  a x i s  has  g r e a t l y  
d i r i n i s h e d  while moving northeastward. The 
c->ud-tracked wtnd trough nea r  t h e  equator  a t  
195'U I s  not discernable  i n  t h e  20 kPa temperature 
ana lys i s .  

The f ea tu res  are c o n s i s t e n t  du r ing  the  
24 hour per iod  up to 00 GMT on t h e  25th except  
f o r  the appearance of  a co ld  a x i s  i n  t h e  microwave 
p a t t e r n  from 15'H. 115"U t o  t h e  equa to r  a t  105OW. 
The new co ld  ax is  is r e f l e c t e d  in t h e  t roughing  
i n  t h e  cloud-tracked winds. It also appears  t h a t  
t he  southern  hemisphere c i r c u l a t i o n  p a t t e r n  is  
nea r ly  s t a t i o n a r y  nea r  140'W whi le  t h e  no r the rn  
hemisphere co ld  ax is  moves eastward. 

3.2b Lower Troposphere (below 70 W a )  

The microwave channel (21) shows t h a t  
t h e  warm a x i s  has moved east approximately 5" of 
lcmgttude t o  lo's, 155'W nor theas tward  t o  2!i0N, 
1c)i)"Y (Fig.  11).  This  warm a x i s  is t h e  only  clear 
svnopt ic  scale fea ture  as t h e r e  are no continuous 
cold axes  present.  

A s  before, t h e  microwave warm a x i s  is 
amrc-ximately colocated wi th  t h e  lower water vapor 
?i.mnt?l (10) cold (wet) ax i s .  This co ld  a x i s  
IF!<. 1:) extends from t h e  equa to r  n e a r  160.W t o  
7(1*Y, 105'U approximately 5' l ong i tude  east of  
i*s ?revlous  pos i t ion .  Extension o f  t h e  co ld  
a.:iq. o r  moisture "canal", i n t o  t h e  southern  heml- 
snhere 1s not  apparent a t  t h i s  t i m e .  Zonal warm 
rexiLmq f l a n k  the moisture "canal" nea r  10.N. 
7 e c Loud-tracked winds (Pig. 12) I n d i c a t e  e a s t e r l y  

( t r ade )  winds p e r s i s t i n g  in t h e  e a s t  and northwest 
whi le  the previous s t r o n g  westerlies feeding  the  
moisture "canal" i n  t h e  w e s t  are not  de tec ted .  
However, h igher  l e v e l  cloud-tracked winds a r e  now 
i nd ica t ed  (Fig. 9 )  over  t h e  low-Level moisture 
"canal", rugges t ing  changes i n  cloud he ight  and/ 
o r  depth. Thus, t h e  low-level cloud motions 
which would r e v e a l  t h e  westerlies ( i f  p re sen t )  
have been masked by h ighe r  clouds.  Comparison of 
t h e  tvo 85 kPa ana lyses  (Figs.  7 and 13; see also 
the  next paragraph) sugges t s  t h a t  the  low-level 
w e s t e r l i e s  may s t i l l  be p re sen t ,  though perhaps 
s h i f t e d  eastward a few degrees.  

me 85 kPa Level I I l b  he igh t  a n a l y s i s  
bea r s  l i t t l e  resemblance t o  t h e  microwave temper- 
a t u r e  f i e l d .  The 85 kPa trough (Fig.  13) extending 
from 10°S, 160-W t o  30'N,115°W. broadly  bounds 
the  water vapor co ld  a x i s ,  or mois ture  "canal". 
The trough i n  t h e  h e i g h t  f i e l d  has  moved l i t t l e  
i n  t h e  e q u a t o r i a l  reg ion  and weakened somewhat. 
F igure  13 also shows t h a t  t h e  85 kPa humidity 
f i e l d  has become less d i s t i n c t  and t h e  cross- 
e q u a t o r i a l  c o n t i n u i t y ,  observed 24 hours  e a r l i e r .  
is no longer  present .  

3.3 Atmospheric c r o s s  s e c t i o n s  

Vertical s e c t i o n s  a long  t h e  west coas t  
of North America and a long  zonal  t r a n s e c t s  a t  8's 
and 3'N were cons t ruc t ed  us ing  radiosondes and 
dropsondes. Temperature r e t r i e v a l s  from :he TOVS 
were u t i l i z e d  t o  prepare  s a t e l l i t e - d e r i v e d  c ross  
s e c t i o n s  f o r  approximately t h e  same times and 
loca t ions .  Although these  d a t a  a r e  not  descr ibed  
he re in ,  w e  expec t  t o  show and d i s c u s s  r e s u l t s  in 
t h e  ve rba l  Conference p resen ta t ion .  

4. SUMHARY AND RPiARKS 

T h e . s a t e l l i t e - d e r i v e d  d a t a ,  c o n s i s t i n g  
of microvave and w a t e r  vapor cnannel  b r igh tness  
temperature f i e l d s  and cloud-tracked winds. de- 
t e c t  synop t i c  scale p a t t e r n s  of  temperature.  mois- 
t u r e  and winds. The water Vapor channel da t a  a r e  
n o t  a v a i l a b l e  i n  ove rcas t  c loud  a reas ;  t h e  
cloud-tracked winds a r e  l i m i t e d  t o  cloudv a r e a s  
and are normally mutua l ly  exc lus ive  h igh  cloud 
winds o r  low cloud winds. The microwave channel 
tempera tures  provide "all weather" coverage but 
r equ i r e  s p e c i a l  i n t e r p r e t a t i o n  I n  r a i n  areas. 
The s a t e l l i t e  d a t a  do cap tu re  time v a r i a t t o n  i n  
synop t i c  scale f e a t u r e s ,  as i l l u s t r a t e d  bv the  
changes over  t he  24-h per iod  betwee- 00 <!IT 
24 Januarv and 00 Czrr 25 Januarv  1970, even :n t h e  
e q u a t o r i a l  t r o p i c s  where h o r i z o n t a l  c o n t r a s t s  dre 
thought t o  be  w e a K .  

Promising r e s u l t 3  inc lude  t h e  q b i l i t v  o €  
t h e  upper t roposphe r i c  microvave channel co Je t ecc  
temperature v a r i a t i o n s  i n  t h e  t r o p i c a l  region 
and t h e  presence of a mois ture  "canal" :n :'le Water 
vapor channels.  The mois ture  "candl" exceilr ls ;r m 
t he  southern  hemispnere O K  ? e a r  :lie equator 1L'rt.v 
ward toward mid-lacftudes i n  both  clme ?eKiCUS. 

Microwave tempera tures ,  t he  wacer vtpor 
channel moisture "canals" and t!ie :ioud-cracnzd 
winds a l l  suqges t  a quas i - rcac ionarv  southern 
hemisphere c i r c u l a t i o n  " c o ~ p l e d "  v i t h  a : r . i n s t m t  
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n o r t h e r n  hemisphere System. 

Strong e q u a t o r i a l  westerlies are 
l n i t l a l l y  p re sen t  a t  low l eve l s ,  appa ren t ly  feed- 
i n g  t!ie moisture  "canal," but  are not  d e t e c t e d  
24 h l a t e r .  Also, t h e  lower t roposphe r i c  micro- 
wave warm a x i s  l y i n g  in t he  moisture "canal" is 
a p e r s i s t e n t  f ea tu re .  Theme t w o  obse rva t ions  are 
amonq f e a t u r e s  r e q u i r i n g  f u r t h e r  i nves t iga t ion .  
ParJ l leLism between s a t e l l i t e - d e r i v e d  a n a l v s e s  
and more convent ional  analvses  is no t  p e r f e c t .  
even thouCh t h e  sa te l l i t e  d a t a  a r e  inco rpora t ed  
i n t o  t h e  FCCE Level I I I b  a n a l y e s .  Continued 
eval i ia t ion and experience should a l low us t o  
impro-..r ou r  a b i l i t i e s  t o  i n f e r  s t r u c t u r e  from t h e  
sa t e ! l i t e -de r ived  information. Fu r the r  i nves t f -  
g a t i w  will i nc lude  a n a l v s i s  of s a t e l l i t e  channel  
b r i g h t l e s s  temperature  f i e l d s  us ing  an e m p i r i c a l  
o r tQugona l  func t ion  (EOF) synop t i c  mapping 
tcclinique. Emphasis w l i i  b e  piaced on usi i ig  i h e  
miirowave channels  because of t h e i r  " a l l  weather" 
c a p a b i l i t y .  

Tllepenler. R. ,  and D. Crue t t e ,  1981: Formation 
of  cloud bands a s s o c i a t e d  with t h e  American 
s u b c r ~ p i c a l  j e t  s t ream and t h e i r  i n t e r a c t i o n  
wlth n i ld l a t i t ude  synop t i c  d i s tu rbances  reach- 
ing Europe, =. W e a .  Rev.,=, 2209-2220. 
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Observing the Eastern Pacific Hadley Circulation 

James P. McGuirk, Aylmer H .  Thompson, and Neil R. Smith 
Department of Meteorology 
Texas AM University 

College Station, Texas 77843 

Some aspects of the tropical Eastern Pacific mean meridional 
circulation (MMC) can be interpreted in terms of the mean behavior of a 
synoptic event called a "moisture burst". This event is documented by 
McGuirk et al., 1984 (8th Climate Diagnostics Workshop). Three diffe- 
rent aspects of the interaction of moisture bursts and the Hadley cell 
are described herein. 

1. El NiGo Behavior. 

A distribution of moisture bursts during the 1982-83 El NiGo cool 
season was prepared from NOAA 7 photo-mosaics (fig. 1). It shows: 

(A) During El NiGo moisture bursts do not occur in the region of 
strong ITCZ convection; that is, east of Australia and to the west 
of the eastern edge of the outgoing longwave radiation (OLR) 
minimum. 

(B)' The central Pacific deficit of bursts is more than 5 standard 
deviations below climatological expectations. 

2. Mean Meridional Wind Behavior. 

Calculations were performed on a nine-day gridded wind set (FGGE 
I11 (b) analysis during the January Special Observing Period). "Zonal 
averaging" was performed across the sector from the dateline to 112.5OW 
(7500 km) and from 20"s to 30°N. Meridional sections of the mean 
meridional wind component are shown for the 9-day average (fig. 2) and 
for selected days (fig. 3). The time average differs significantly from 
previous climatologies of the region. 

(C) A thermally-direct MMC may be inferred. Climatology has this 
indirect in the eastern Pacific. 

(D) A two-celled MMC appears in the vertical, with stronger 
southerlies centered at 600 mb and a weaker southerly maximum at 
the climatologically expected position at 200 mb. 

The time sequence (fig. 3) shows large variations in the zonally- 
averaged meridional winds on a day-to-day basis. 

(E) At the peak of the moisture burst on the 23rd and 25th (fig. 
3b and 3c), meridional confluence into the ITCZ below 800 mb is 
intense. 
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(F) Except on the 27th (fig. 3d), the strongest southerlies are 
at, or even below, 500 mb, and the flow at tropopause level is two 
times stronger into the southern hemisphere. 

(G) The only "classical" Hadley cell flow appears at the end of 
the moisture burst period on the 27th (fig. 3d). 

(H) The weakest Hadley cell, as measured by low-level meridional 
confluence, occurs on the 21st, when no moisture bursts were 
present. 

Based on (A), (C), (E), (H), and existing climatology, we tenta- 
tively introduce the following spxi i?ation.  I" +he ahsence of synoptic 
or convective tropical forcing, the Pacific Hadley cell is weak, and may 
even switch directions, with tropical subsidence. With synoptic 
forcing, a Hadley cell develops, and its characteristics result as a 
statistical composite of a number of synoptic events (moisture bursts). 
This MMC appears primarily in the lower half of the troposphere. With 
strong convective forcing, moisture bursts do not form, and a strong, 
deep Hadley cell results--the classical picture. 

3. Data Quality (FGGE SOP) 
In spite of the intense observational coverage during FGGE, the 

study area remained data-sparse. The following results are restricted 
to the boundary layer (below 800 mb) and pertain to analyzed wind 
(FGGE) , satellite winds (SAT), and surface ship and island observations 
(SFC). Fig. 4 shows the distribution of SAT and total nine-day, obser- 
vation frequency. 

(I) Many regions in the equatorial band have no observations. 

(J) SAT is synoptically biased, with a sparsity of data, particu- 
larly, in the moisture burst region. 

(K) Low-level ITCZ convergence calculations are based on SAT at 
lO'N and west of 15OoW, and at 3'N and east of 135'W. 

(L) 
available, making vettical extrapolation tenuous. 

In most regions, simultaneous SFC and SAT observations are not 

Hovmzller-type diagrams of low-level zonally-averaged meridional 
winds in a time-latitude section appear in fig. 5 ;  the three represen- 
tations show analysis of SFC only, SAT only, and FGGE data. Analysis 
assumptions require that these fields present the same signal (in 
particular, FGGE I s  derived from SAT and SFC). Clearly, they do not. 

(M) FGGE presents considerably fewer southerlies, and weaker 
southerly amplitudes than either SAT or SFC; it also shows more 
northerlies at 15'N then either SAT or SFC. 

(N) 
10's from the 22nd to the 24th, or 25"N on the 27th and 28th). 

Even where SAT and SFC are consistent, FGGE may "disagree" (at 
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(0) There are significant regions of disagreement between the two 
sets of observations (SFC detects more southerlies; SAT pre- 
dicts stronger meridional confluence at the ITCZ; SAT is less 
coherent, both temporally and meridionally). 

(P) Similar sections of zonal winds (not shown) yield similar 
inconsistencies; FGGE shows fewer equatorial westerlies than SAT, 
but also less variability than SFC. 

In an effort to resolve the inconsistencies between FGGE, SAT, and SFC, 
additional analyses and intercomparisons were performed. 

(Q) Examination of the 1000-850 mb wind shear of 50 ship soundings 
between 9 O N  and 9 's  showed a mean shear of only 1 m/sec but a 
standard deviation of 7 m/sec with shear direction varying over 
360'; in. other words there should be little ability to extrapolate 
synoptic,signals upward or downward iz? the tropical boundary layer. 

(R) Fig. 6 shows FGGE 1000-850 mb shear in the equatorial belt. 
Four regions are identified: I and I1 with surface winds increas-- 
ing strength with height; IV with easterlies shifting to westerlies 
with height; and 111, with the trades turning cyclonically with 
height in the moisture bursa region. It is unclear how accurately 
optimal interpolation represents these regimes in data-sparse 
regions. 

(S) Shear magnitude is not well-related to surfac'e speed. 

Finally, an effective anaiLysis error was computed between SAT and 
FGGE at 850 mb. "Effective" is included because no attempt was made to 
account for SAT observational errors or differences between observation 
and analysis times and positions. Two histograms of analysis error are 
presented in fig. 7 for a single time, comparing FGGE with two SAT sets: 
GOES (West) and GOES (Indian Ocean). The GOES (Indian Ocean) represents 
an erroneous calculation; the positions of observations are erroneously 
located In O W  longitude on the World Data Center archive tape, so they 
were accidentally placed in the eastern Pacific for the analysis-error 
calculation. 

(T) Although there is larger analysis error for the erroneous 
data, f i g s .  7a and 7b are quantitatively similar. Correct data 
show rms analysis errors of 3 . 6  m/sec whereas the "random data", 
correct in latitude, but moved from the Indian Ocean to the 
Pacific, show rms errors of only 4.2 m/sec. Could it be that SAT 
possesses only about 0.6 m/sec signal in the lower atmosphere? 

88 



12 
IO 

L 
2 4  

0 

Q b  e 
ci 

3 2  

N 

D 

? J  
2 
0 
x F  

M 

A 

Fig. 

Fig. 

1. Distribution of the occurrence of moisture bursts duking the 
82-83 El Ni6o as a func'tion of month and longitude of origin. 
Dashed fines give non-El NiGo climatology; heavy line gives 
approximate position of the eastern edge of the OLR minimum 
associated with El NiGo. Shading emphasizes burst-void region. 

2. Meridional section of the temporally (9  days) and zonally 
(180-1'12°W) averaged meridional winds. Units of m/sec. 

89 





ORIGINAL PAGE IS 
OF POOR QUALITY 

Fig. 4 .  Number of wind observat ions p e r  3.75 X 3.75' l a t / l o n  box f o r  
t h e  e n t i r e  %day per iod .  
10 and 20 observa t ions .  
l e v e l  s a t e l l i t e  (SAT) observat ions.  

I s o p l e t h s  are 1 (shaded) , -5  ( h i g h l i g h t e d ) ,  
a) Sur face  (SFC) observa t ions ;  b) low-  
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TItlEAATITUDE SECTION OF NERIDIONAL.WIND AT loo0 RB 
CONTOUR INTERVAL 1 n/scc 

Fig.  5. Time-lati tude s e c t i o n s  of t h e  zonally-averaged mer id iona l  wind 
between 180 and 112OW. Light  shading g ives  s o u t h e r l i e s ;  heavy 
shading g ives  n o r t h e r l i e s  g r e a t e r  than  4 m/sec. a )  SFC obser- 
va t ions ;  b) SAT observa t ions ;  c)  1000 mb FGGE a n a l y s i s .  Contour 
i n t e r v a l  is  1 m/sec. 
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t 0 

Fig.  6. 850-1000 mb wind shea r  i n  t h e  e q u a t o r i a l  b e l t  from FGGE a n a l y s i s .  
Wind v e c t o r  from o r i g i n  t o  d a t a  p o i n t  g i v e s  speed and d i r e c t i o n  
of shea r .  Data are c lus t e red  by s u r f a c e  wind d i r e c t i o n ,  w i t h  
a s s o c i a t e d  geographica l  region shown in t h e  inset  a t  t h e  lower 
l e f t  . 

Fig.  7 .  Histograms of t h e  d i s t r i b u t i o n  of e f f e c t i v e  a n a l y s i s  e r r o r  
between t h e  850 mb FGGE a n a l y s i s  and co loca ted  SAT obse rva t ions .  
a )  GOES (wes t ) ;  b)  GOES ( Indian  Ocean), which i s  er roneous  
because the  da t a  were improperly l o c a t e d  i n  t h e  eastern P a c i f i c .  
Heavy v e r t i c a l  b a r s  g ive  sample means; v e r t i c a l  l i n e s  t o  r i g h t  
g ive  f lagged o u t l i e r s .  
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1. INTRODUCTION 

Synoptic scale variations in tropical 
moisture fields are difficult to diagnose because 
of A relative absence of in situ measurements and 
low correlation of vertical structure. making upward 
extrapolation difficult. During the FGCE observing 
periods several observation systems were operative, 
making easier the comparisons between independent 
.methods of estimating tropical moisture. Attention 
is focused on two wintertime synoptic scale distur- 
bances, or "moisture bursts". which occurred between 
20 and 29 January 1979. These burats are tongues of 
moisture and clouds which originated near 7*N, 155'W 
in the ITCZ and moved northeastward over Empalme. 
Mexico (G in Fig. 1) (McGuirk and Thompson, 1984) .  

2 .  DATA AND ANALYSIS 

Tvo different perspectives of the temporal 
and spatial variation of moisture are given, making 
use of four nearly independent observing systems, 
and emphasizing satellite data. 

temperature from two TIROS N T O W  channels analyzed 
onto gridpoints for the nine days of the burst 
events. The temporal standard deviations for each 
gridpoint are shown In Pig. la for the 700 mb 
infrared moisture Channel (BIRS Ch. 11) .  and in Fig. 
l b  for the 700 mb microwave temperature channel (HSU 
Ch. 2). The moirture signal shows large variability 
from the equator near 180' W E  to Baja California, 
thus along the burst axis. 
occurs roughly parallel to the burst axis and some 
1200 km to the south. 

Although the pattern of thermal variability 
is weaker than that of moisture (due in part to the 
decreased sensitivity of the microwave sensor). a 

The first perspective is based on brightness 

Minimum variability 

I I I I I I I I 
ILO iw 120 

Fig. la. Standard deviations of gridpoint values of 
brightness temperature for the 700 mb infrared mois- 
ture channel ( 7 . 3  um) for 20-29 January 1979. 

~ ~ ~~ 

TX 77843-3146 

pattern is still apparent. 
across the equator due south of the burst origin. 
From this point, an AXIS of maximum variability 
extend8 NNE to A second naxhum near 25'N, to the NU 
of, and not along, the burst axis. 

tions where sounding data are available. 
ture and moisture variability at 700 mb are compared 
in Table 1 betveen data from these soundings, the 
satellite-derived data, and colocated ECPM analyzed 
data. 
correspondence exists between satellite and raob 
moisture and temperature variability. Less satis- 
factory agreement is found between ECMUF and satel- 
lite values. Little correspondence is observed 
between thermal and moisture signals from satellite. 

displayed in Hovmiiller diagrama (Fig. 2 ) .  prepared 
for a 1200-km wide band centered along 7.5.N. 
Fig. 2a shows ECMW analysis of relative humidity at 
700 mb; Fig. 2b is the TIROS N moisture channel; 

Table 1 

Temporal standard deviations at points 

Location satellite h o b  E C P M  
Ch. 2(*C)  Ch.ll('C) T('C) R H ( 2 )  RH(%) 

A weak mxlmum extends 

The letters in Fig. 1 correspond to loca- 
Tcmpera- 

These point comparisons show that good 

The second perspective of variability is 

A 
B 
C 
D 
E 
P 
C 
H 
I 
J 

0 . 4 6  
0 . 6 4  
1 . 0 0  
1.27 
0 .58  
1 .oo 
1 . 7 0  
1 .09  

0 . 7 6  
- 

1 . 8 4  1.33 15 12 
3 . 0 9  0 . 9 0  28 15 

14 14 2 . 4 0  - 
1 . 9 0  - 22 8 
1.21 1.26 1 14 
3 . 0 4  1.21 19 23 
2 .87  2 .16  30  12 
4 . 6 6  1 . 5 0  31 19 - 5 . 1 4  28 - 
4 . 0 1  2 .47  36  16 

Fig. Ib. Same as Fig. la but for 700 mb microwave 
temperature channel ( 5 3 . 7 3  GHz). Capital letters 
here and in Fig. la  are radiosonde stations. 
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O R l L  I N  JRNURRI. 1979 F i g .  2b 
IO , I ,  I ' t Q I ' r '  

LOIG. la0 I l O Y  160 I O  I*@ 110 1 1 o Y  110 

C~YUY~CL I IIME C ~ O S S - S E C I I ~  BIUGHINESS 1 w s  ar i n i i r m  7.10 

Fig. 2. t1ovmMller diagrams of moisture distribu- 
tion at 7.5'N between 180" arid 110.W for 20-29 
January 1979. See text for explanation of lines. 

Fig. 2c is a TIROS N microwave channel. The latter 
two are brightness temperatures and represent energy 
aources which peak near 700 mb heights. Also shown 
on these sections arc the extent of lower (heavy 
dashed lines) and h i g h  (heavy solid lines) clouds, 
as determined from GOES W enhanced infrared imagery 
(prepared by F. P. Robertson of Marshall Space 
Flight Center, NASA) .  Due to design and to 
unanticipated problems. the ECHUF analysis depends 
only on surface data and model initolizations based 
on these data. Thus, both here (Fig. 20) and in 
Table 1. the moisture analysis is indepcndent of 
satellite observations ""J sounding data. 

There is good qualitative consistency be- 
tween the three daea portrayals and the cloud 
imagery. Though not perfect, ECMWF data identify 
both moisture bursts and the dry core on the 25th. 
The highest relative humidity values are unambigu- 
ously associated with the deepest clouds. There is 
a modest tendency for relative humidities to be 
elevated on the west side of the burst axes. 

The satellite moisture signal (Fig. 2b) also 
identifies two moisture bursts. However, cne high- 
est moisture signal is not nearly so well associated 
with the deep convection. Generally, the wettest 
air lies east of the burst. It is not clear which 
of these moisture evaluations correctly position the 
moist air. The microwave slgnal (Fig. 2c) indicates 
that the burst region appears to be cold in the 
middle troposphere. However, the "bull's eyes" are 
probably heavy precipitation regions utiirh are 
affecting the microwave signal. rlrese regions agree 
vel1 in position with the high cloud regions. 
Outside the burst region, almost no vnriatton is 
picked up at this latitude, a result consistelit vjth 
Big. lb. 

3. EVALUATZON 

Although not specifically about phenom- 
ena, this paper identifies interesting synoptic 
behavior. There 18 considerable thermal and mois- 
ture variability in the region of, but not limited 
to, the burst origin. There are also unexplained 
moisture variations along the burst axis, whereas 
temperature variability is much smaller and more 
uncertain. 

Conclusions on measurement capability are: 
a. Satellite data, both visual and quantitative. 
concain important temporal and spatial variability 
not currently identified in analysis schemes. 
b. The ECMWF model is remarkably ahle to antici- 

pate upper level moisture fields, given the actual 
lack of observations in the area. 
c. Point comparisons outside of the active burst 

regions show systematic overpredictions of 
mean relative humidity and underpredictions of 
temporal variability by ECI" analysis vitli respect 
to observations. 
d. Uninverted channel radiance data exhibit detail 

not available in operational temnerature retrievals. 
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1. TROPICAL CIRCULATION 

A moisture burst is defined as a common syn- 
optic-scale system developing along the ITCZ and 
penetrating into midlatitudes. It is characterized 
by northeastward moving cloud masses, and virtually 
always occurs in conjunction with a deep tropospher- 
ic trough and with exceedingly large northward 
fluxes of westerly monentum. 
in the temporal and zonal mean behavior of the 
Pacific Hadley cell (McCuirk et al.. 1984, Smith 

It plays a major role 

-- et al.. 1985). 
Two different mechanisms of tropical mean 

- meridional circulation (MMC) are described herein. 
The annual cycle and longer term secular variation 
of MMC strength is reviewed., Climatological vari- 
ations of moisture burst frequency are then de- 
scribed as they relate to these variations of the 
MMC. Finally. the contributions of moisture bursts 
to the MMC are elucidated through three case studies 
(two in January and one in May, 1979). 

nal cross sections at 80'W. 15OoW, and 150'E by 
Newell sal. (1972); Janowiak st. (1985) used 
satellite data to summarize KMC variations through- 
out the Pacific. Based on these data, the IT& in 
the mid Pacific ia strongest in July and weakest in 
January. 
most intense in the central Pacific in July. The 
meridional sections show a reversed MMC at 15OoW 
with actual tropical subsidence, apparently induced 
by meridional confluence at 150 mb; in summer'. this 
pattern reverses, at least over the ITCZ region, 
with difluence at 150 rdb and weak boundary layer 
confluence. At 80°W the situation reverses with a 
MMC extending to the tropopause in winter and a 
more complicated pattern in summer dominated by a 
shallow MMC below 500 mb. At 150'E a weak MMC 
appears which becomes weaker and shallower in 
summer. 

The most significant variation in strength 
of the Pacific ITCZ occurs with the massive inten- 
sification associated with El Nizo; this variation 
overwhelms the annual cycle to give the strongest 
observed Pacific ITCZ in (NH) winters of El NiGo. 

2. MOISTURE BURST BEHAVIOR 

Variations in MMC are described in meridio- 

The South Pacific Convergence Zone is 

The frequency of moisture bursts varies 
systematically in time and space with the strengths 
of the ITCZ and the MMC (McGuirk et al. 1984). 
Generally, where the ITCZ is weakest. moisture 
bursts are most common: in the winter in the 
central Pacific where about 11 occur per month 
and a burst is active at leaat 15% of the time; 
in the vicinity of the dateline and close to Central 
America in late spring when the MMC weakens in 
these regions, and about 10% of the wintertime 
frequency is observed; in these same regions at 
the end of El NiGo, but even less frequently. 

Bursts seldom occur in the central Pacific in 
surmner; they do not occur at all in the active El 
Niiio regions. 

Fig. 1 shows the time mean behavior of the 
meridional winds between 180' end 110'W for two 9- 
day periods in January and May. 1979 (based on ECMWF 
analyzed winds). These figures depart from their 
counterparts by Newell et al. (1972). One reason 
is the much larger data base available for the ECMWF 
analysis. More important, three moisture bursts 
(two in January) appear in these time means. 

the MMC is similar to Newell's climatology. 
bursts evolve (b). the zonally averaged FMC 
strengthens; and. by the termination of the bursts 
(c), the MMC assumes the shape of most classical 
representations of the tropical meridional winds. 
A second interesting feature of the sections is the 
shallow MMC which generally appears below' 500 mb 
before and during the early portions of the bursts' 
evolution. 

. One additional feature of the Hadley cell is 
the strong northward transport of westerly momentum. 
Moisture bursts account for a large portion of this 
flux, at least when they are present. At jetstream 
level, (uv) averaged over the Pacific sector 
increases from 5 to 8 times as a typical burst 
evolves. 
shown in fig. 4% Moisture bursts are easy to iden- 
tify in these time series. 

Before the bursts develop (Fig. 2a and 3a). 
As 

Tropospheric averages across 30°N are 

Fig. 1. Time aberaged cross-sections of meridional 
winds, for Pacific sector for January and May 1979 
case studies. Units of mlsec. 
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Fig. 2. As in Fig. 1. except for individual time 
periods In January. 

3. INTERPRETATION 

Based on these data, a hypothesis is sug- 

Where 
gested. The strength of the Hadley cell is con- 
trolled by some zonally symmetric forcing. 
this forcing is strong, synoptic disturbances do 
not occur along the ITCZ, as during El NiGo. or to 
a lesser extent, in summer. Where and when this 
forcing is weaker. a shallower, or even a reversed, 
MMC results in the lower troposphere. In this en- 
vironment, synoptic moisture bursts develop and the 
statistical mean behavior resembles that of a zon- 
ally symmetric, thermally direct MMC. 

Perhaps the most interesting aspect of this 
interpretation is that the zonally symmetric form 
of the circulation does not substantially influence 
mid-latitude weather, whereas the synoptic moisture 
bursts commonly appear as, or with. midlatitude 
weather systems. 

4. ACKNOWLEDGEMENT: The authors acknowledge 
the support of NASA's George C. Marshall Space 
Flight Center under contract No. NAS8-35182. 

Fig. 3. As in Fig. 1, except for individual time 
periods in May. 

Fig. 4. Vertically-integrated zonal momentum flux 
across 30'N for Pacific sector. Units of m2/sec2. 
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1. INTRODUCTION 

McGuirk and Thompson (1984) described the 
synoptic climatology of the occurrence of moisture 
bursts - synoptic scale cloud bands which move north- 
eastward out of the ITCZ into middle latitudes. The 
origins of these systems are linked to locally en- 
hanced Hadley cell overturning and have appearances 
typical of tropical disturbances. The midlatitude 
extension is commonly related to the subtropical jet 
stream, midlatitude troughs and downstream cyclogen- 
esis (Thepenier and Cruette,. 1981). 

2. UPPER LEVEL PATTERN 

Fig. 1 typifies both the burst development 
conditions and its evolution; this burst occurred 
between 17 and 22 January 1982. 

The climatology of the 200-mb flow is con- 
sistent throughout all observed events. In nearly 
every burst. an extratropical trough extends into 
the tropics before or as the burst develops on the 
ITCZ. The trough often extends across the equator 
(Fig. 6). leading to significant interhemispheric 
momentum and moisture exchanges. The burst gener- 
ally develops in the ITCZ region within 1,000 b, 
and to the east, of the 200-mb trough. 
burst in Fig. 1, the cloud origin region remained 
consistently vithin 200 km of the trough axis. 
Bursts move slowly eastward with the trough; west- 
ward propogation is observed only occasionally in 
intensifying bursts. 

Detailed vind analyses of three 1979.bursts 
show strong meridional overturning circulations in 
the burst region and associated acceleration of the 
zonal winds. Jet wind speeds at and downstream of 
the burst origin fn Fig. 1 accelerated from 35 m/sec 
on the 17th to over 80 mlsec over the central United 
States on the 21st. Some bursts are observed t o  
develop vith weak upper winds over the origin. 

Significant moisture fluctuations appear 
along the burst. but only small temperature changes 
occur; temperature is more variable in the trough 
to the northwest of a typical burst. As the leading 
edge of a burst crosses the North American coast, 
the horizontal temperature contrast across the burst 
intensifier. This intensification is anticipated as 
the geostrophic constraint becomes more dominant 
and the upper level winds strengthen. 
consistent temperature signal has been detected in 
the origin region in the early stages of a buret. 
However, several strong bursts have been detected 
in the region of intersection of the ITCZ with a 
polar front associated with southward displaced 
cyclones. 
as the front reaches the ITCZ. 

For the 

No strong or 

These bursts may not develop immediately 

3. LOU LEVEL PATTERN 

The low level flov in the burst origin region 
is not nearly as consistent as is the upper level 
flov. Although a col often appears (56% of the time) 
as the burst develops. other low level vind patterns 
are common. 
cusps or weaker waves which resemble cusps, but bursts 
also occur within unclassifiable wind fields. Typical 
phenomena most commonly associated with burst develop- 
ment are: 1) Fronts penetrating into the deep 
tropics; 2) Easterly waves of either tropical or 
subtropical origin; and, 3) Southern hemisphere 
anticyclones which cross the equator. 
link is that bursts develop in regions in which 
the climatological easterly flow assumes a southerly 
component. 

Fig. 1 represents e typical col case. A 
weak wind field exists as the burst develops (on 
the 17th). Still, a col is apparent in the winds 
avay from the originating cloud mass. The col is 
more apparent on the 19th. The precise position 
of the burst origin varies vithin the col. It 
almost invariably appears somewhere in the anti- 
cyclonically curving flow east of the col center 
(as in Fig. lb) with the southern edge of the clouds 
commonly south of the col's neutral point. In col 
cases. the confluence axis normally aligns itself 
with the burst axis and the winds under the clouds 
blow parallel to the burst. In the non-col cases, 
no uniform wind direction exists under the clouds. 
The region directly east of the burst origin has 
been typified as one of relative dryness, iow 
variability and anticyclonic circulation. 

appears to the northwest of the origin, particularly 
in col cases. These northwesterlies, particularly 
strong in Fig. 1 b and c, are typically cold. and 
most probably modified polar air; on the 17th, the 
leading edge of this air is some 2000 km from the 
burst origin. Other case studies show strong low 
level westerlies and northwesterlies to the west of 
the origin. even before the burst develops; although 
climatologically unexpected, these winds may often 
exist and go undetected under the ITCZ cloud mass 
which is often present to the west of the burst 
origin. 

These other patterns primarily include 

The common 

As bursts develop, northwesterly flow often 

4. SUMARY 

.Many features observed in moisture bursts 
are observed in midlatitude jet stream regions and 
in tropical waves. These tvo events are connected 
in moieture bursts. as is further downstream mid- 
latitude synoptic development. The jet stream can 
occasionally be traced back to the tropical wave and 
across the equator into the southern hemisphere. 
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1. INTRODUCTION 

Wind a n a l y s i s  o v e r  t h e  t r o p i c a l  P a c i f i c  
Ocean is s u b j e c t  t o  a number of  u n c e r t a i n t i e s .  
C o r r e l a t i o n  of o b s e r v a t i o n a l  e r r o r s ,  dependence o f  
o b s e r v a t i o n a l  c h a r a c t e r i s t i c s  on t h e  s y n o p t i c  
s y s t e m s  themselves ,  l i m i t a t i o n s  on t h e  i n f o r m a t i o n  
c o n t e n t  o f  o b s e r v a t i o n s .  aiid problems w i t h  extrapci- 
l a t i o n  i n t o  data  void  r e g i o n s  a l l  a c t  t o  l i m i t  t h e  
e f f e c t i v e n e s s  of  s o p h i s t i c a t e d  a n a l y s i s  procedures .  
F i n a l l y ,  t h e  phys ics  of  t h e  t r o p i c s  i t s e l f  a c t s  t o  
decouple  t h e  d i v e r g e n t  and r o t a t i o n a l  wind compo- 
n e n t s  and t o  render  d i v e r g e n c e  e s t i m a t e s  u n c e r t a i n .  
Optimal i n t e r p o l a t i o n  (01) cannot  overcome d a t a  
s p a r s i t y  and the  l a c k  of  g e o s t r o p h i c  c o n t r o l .  T l i i s  
paper  examines t h e s e  i s s u e s  based on  FCCE d a t a  and 
ECElUF a n a l y s e s  for a nine-day p e r i o d  i n  January  
1979. The i n v e s t i g a t i o n  is c e n t e r e d  on  a s y n o p t i c  
system. called a m o i s t u r e  b u r s t ,  over  t h e  da ta -  
s p a r s e  t r o p i c a l  n o r t h e a s t  P a c i f i c  Ocean. About 10 
of  these systems p e r  month develop  i n  t h i s  r e g i o n  
(Smith g. ,  1985) .  

2. DATA AVAILABILITY 

2.1 Svnopt ic  O r g a n i z a t i o n  

The c l a s s i c  problem o f  d a t a  s p a r s i t y  
o c c u r r i n g  i n  the v i c i n i t y  o f  ocean s t o r m s  has  
changed somewhat. Cloud d r i f t  winds now p r o v i d e  
c b s e r v a t i o n s  in  s y n o p t i c a l l y  a c t i v e  r e g i o n s ,  b u t  
a r e  s t i l l  r e s t r i c t e d :  h i g h  c l o u d s  p r e c l u d e  low 
l e v e l  o b s e r v a t i o n s .  HcCuirk 1. (1985) showed 
t h a t  n e a r l y  the e n t i r e  s y n o p t i c a l l y - a c t i v e  m o i s t u r e  
b u r s t  r e g i o n  was devoid  of  bo th  s h i p  and low l e v e l  

c l o u d  d r i f t  wind o b s e r v a t i o n s .  N e v e r t h e l e s s ,  
MCWF a n a l y s e s  d e t e c t e d  s y n o p t i c  v a r i a t i o n s ,  p re-  
sumably through a n  a d e q u a t e  i n i t i a l i z a t i o n  based 
on  upper  l e v e l  o b s e r v a t i o n s .  F i g .  1 sumrnarizes 
t h e  low l e v e l  (850-1000 mb) e q u a t o r i a l  Kind s h e a r  
a s s o c i a t e d  w i t h  a m o i s t u r e  b u r s t .  The b u r s t  i s  
i n  Region I11 i n  t h e  i n s e t  t o  F i g .  1. The d a t a  
p o i n t s  demark t h e  s l iear  n e a r  t h e  e q u a t o r  from tlie 

d a t e l i n e  t o  a b o u t  l l O o W .  These s h e a r s  f a l l  i n t o  
f o u r  groups ,  which a r e  s t r a t i f i e d  g e o g r a p h i c a l l y  
a s  w e l l .  Region I c o n s i s t s  of  e q u a t o r i a l  wester- 
l i e s  t o  t h e  wes t  of  t h e  m o i s t u r e  b u r s t ;  t h e  s l iear  
i s  w e s t e r l y .  imply ing  s t r e n g t l i e n i n g  winds w i t h  
h e i g h t .  Region I1 shows e a s t e r l y  t r a d e s  becoming 
s t r o n g e r  w i t h  h e i g h t  t o  t h e  s o u t h  o f  t h e  b u r s t .  
Region I11 is t h e  b u r s t ,  w i t h  s u r f a c e  n o r t h e a s t e r -  
l i e s  g i v i n g  way t o  s o u t h e r l i e s  w i t h  h e i g h t .  Sur- 
f a c e  e a s t e r l i e s  becoming w e s t e r l y  w i t h  h e i g h t  
o c c u r  i n  Region I V .  The c o n c l u s i o n s  are  threc- 
f o l d :  i )  With a m o i s t u r e  b u r s t  d e v e l o p i n g  evcry  
few d a y s ,  s y n o p t i c  s c a l e  wind v a r i a b i l i t y  may be 
l a r g e r  than  g e n e r a l l y  thought  i n  t h e  t r o p i c s ;  i i )  
Large  o r g a n i z e d  d i f f e r e n c e s  i n  boundary l a y e r  
s t r u c t u r e  e x i s t  on t h e  s y n o p t i c  s c a l e ;  i i i )  Verti- 
c a l  s t r u c t u r e  f u n c t i o n s  c u r r e n t l y  i n  u s e  i n  01 
schemes do n o t  a l l o w  f o r  complex boundary l a y e r  
s t r u c t u r e :  t h u s  e x t r a p o l a t i o n  o f  c l o u d  d r i f t  winds 
downward o r  s u r f a c e  o b s e r v a t i o n s  upward may l e a d  
t o  l a r g e  e r r o r s .  

2.2 H o r i z o n t a l  C o r r e l a t i o n  

One o f  t h e  problems s p e c i f i c a l l y  t r e a t e d  
by 01 is t h e  c o r r e l a t i o n  between o b s e r v a t i o n a l  
e r r o r s .  I t  o c c u r s  w i t h  s y n o p t i c a l l y  b i a s e d  

Fig.  1. 850-1000 mb s h e a r  i n  t h e  e q u a t o r i a l  r e g i o n  from ECMWF wind a n a l y s i s .  
Data p o i n t s  l o c a t e  t h e  p o i n t  of t h e  s h e a r  v e c t o r ,  anchored a t  t h e  o r i g i n .  
C l u s t e r e d  groups  cor respond t o  g e o g r a p h i c a l  r e g i o n s  denoted  i n  t h e  i n s e t .  
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obse rva t ions  and p a r t i c u l a r l y  wi th  c loud  d r i f t  
winds. For example, i f , o n e  low l e v e l  cloud d r i f t  
wind is  placed a t  a n  improper e l e v a t i o n ,  t h e  en- 
t i r e  f l e e t  of winds i n  t h e  r eg ion  w i L l  be improper- 
l y  loca t ed .  It was found ( f i g u r e s  no t  shown) t h a t  
v e c t o r  d i f f e r e n c e s  between cloud d r i f t  winds and 
850 mb.winds a t  co- loca ted  g r i d  p o i n t s  a r e  s p a t i a l -  
l y  coherent  on s c a l e s  ranging  between 800 and 3000 
km. Within these  r e g i o n s  t h e  wind d i r e c t i o n  of t h e  
v e c t o r  d i f f e r e n c e s  were t h e  same w i t h i n  k 20° .  The 
01 scheme i n t e r p r e t e d  t h i s  coherent  s t r u c t u r e  a s  
o b s e r v a t i o n a l  e r r o r .  I n  t h e  absence of o t h e r  d a t a ,  
i t  might be b e t t e r  f o r  t h e  0 1  scheme t o  i n t e r p r e t  
obse rva t ions  more f l e x i b l y .  

ORBINAL PAGE IS 
Of POOR QUALITY 

I 1 

2.3 V e r t i c a l  C o r r e l a t i o n  

When d a t a ,  such as t h e  cloud d r i f t  winds 
d i scussed  above, a r e  used f o r  a n a l y s i s  a t  d i f f e r -  
e n t ,  bu t  nearby, e l e v a t i o n s ,  01 invokes v e r t i c a l  
s t r u c t u r e  func t ions .  Winds a r e  e x t r a p o l a t e d  up- 
ward from t h e  s u r f a c e  O K  downward from cloud l e v e l  
by a d j u s t i n g  t h e i r  speed bu t  n o t  t h e i r  d i r e c t i o n .  
According t o  d a t a  o f  Kantcr and Cole (1980), t h i s  
procedure may n o t  be  adequate.  They show t h a t  t h e  
c o r r e l a t i o n  between 1000 and 850 mb rawinsonde 
winds i n  t h e  deep t r o p i c s  can be n e a r l y  ze ro  and 
i s  usua l ly  less than  0.4. Fig.  2 shows t h e  850- 
1000 mb shea r  v e c t o r s  f o r  wind soundings launched 
from s h i p s  between 3"s and 9'N and east of 15OoW. 
Speed shea r  v a r i e s  between 1 and 1 5  m/sec and t h e  
d i r e c t i o n a l  shea r  a t  i n d i v i d u a l  s h i p s  usua l ly  spans  
180". 
s t r i p  is  randomly d i s t r i b u t e d .  

2.4 Temporal C o r r e l a t i o n  

The shea r  d i r e c t i o n  over  t h i s  e q u a t o r i a l  

Fig.  1 i n d i c a t e d  t h a t  t h e  ECMWF a n a l y s i s  
can  i d e n t i f y  low l e v e l  shea r  p a t t e r n s .  F ig .  3 
shows Hovmaller diagrams (t ime v s .  l ong i tude )  of 
winds a t  1000 and 850 mb a long  3.75"N. 
"s t reaml ines"  do n o t  i n d i c a t e  l o c a l  p a r c e l  t r a j e c -  
t o r i e s ,  bu t  t h e  temporal change of wind d i r e c t i o n  
a t  f ixed  po in t s .  The a c t i v e  mois ture  b u r s t  r eg ion  
l i e s  between 130 and 160'W. Outs ide  of t h i s  re- 
g ion ,  t h e  d i r e c t i o n a l  s h e a r  between 850 and 1000 
mb i s  sma l l .  Large temporal changes and d i f f e r -  
ences  between 1000 and 850 mb wind d i r e c t i o n  appear  
i n  t h e  b u r s t  r eg ion .  Most of t h e  l a r g e  d i r e c t i o n a l  
changes occur i n  those  r eg ions  where sounding d a t a  
a r e  a v a i l a b l e ;  however, correspondence between t h e  
ana lyzed  s t r e a m l i n e s  and t h e s e  dropsonde wind 
d i r e c t i o n s  is poor,  even i n  r eg ions  of no o t h e r  
d a t a .  Few cloud d r i f t  winds were a v a i l a b l e  i n  t h e  
b u r s t  r eg ion ;  where they d id  e x i s t ,  they o f t e n  
possessed l a r g e  d i s c r e p a n c i e s  wi th  t h e  a n a l y s i s  i f  
rawinsonde d a t a  were p resen t .  The obvious ques t ion  
is whether or no t  t h e  d a t a  vo id  r eg ions  are equa l ly  
a s  v a r i a b l e  as t h e  b u r s t  reg ion .  

3. W I N D  INFORMATION CONTENT 

3.1 Wind Accuracy 

The 

01 a t t e m p t s  t o  overcome imperfec t  observa- 
t i o n s .  What must be  de f ined ,  and has  n o t ,  is t h e  
in fo rma t ion  con ten t  of a d a t a  set .  Whitney (1984) 
has  documented low l e v e l  r m s  cloud d r i f t  wind 
e r r o r s  t o  be  n e a r l y  5 m/sec. T r a d i t i o n a l l y ,  t h i n  
number has  been compared t o  mean low l e v e l  winds. 
The a p p r o p r i a t e  number, however, should be the  ruis 
v a r i a t i o n  of t h e  wind about  i t s  c l i m a t o l o g i c a l  
mean. I f  t h i s  v a r i a t i o n  is sma l l e r ,  t h e r e  w i l l  

F ig .  2 .  850-1000 mb wind shea r .  observed from 
radiosondes  launched from four  s h i p s  between 150 
and 90"W and equatorward of 10' f o r  a nine-day 
pe r iod  ii January  1979. 

n o t  be  a g r e a t  d e a l  of in format ion  i n  c loud  d r i f t  
winds no t  conta ined  a l r e a d y  i n  s imple  c l ima to logy .  
A tes t  w a s  executed  t o  e v a l u a t e  t h i s  in format ion  
c o n t e n t  over  t h e  t r o p i c a l  e a s t  P a c i f i c .  The vec- 
t o r  wind d i f f e r e n c e  was c a l c u l a t e d  between low 
l e v e l  cloud d r i f t  winds and 850 mb ECMWF analyzed 
winds a t  nearby g r i d p o i n t s .  No a t t empt  w a s  made 
t o  i n t e r p o l a t e  t h e  gr idded  d a t a  h o r i z o n t a l l y  o r  
v e r t i c a l l y  t o  t h e  exac t  p o s i t i o n  of t h e  observa- 
t i o n .  The histograni of t hese  "observa t iona l  
e r r o r s ' '  is g iven  i n  F ig .  4a.  The r m s  d i f f e r e n c e  
between obse rva t ions  and a n a l y s i s  is  about 3.6 
m/sec. 
o c c u r s  because t h e  obse rva t ions  a r e  compared wi th  
a n a l y s i s  i n  F ig .  4 .  
winds,  observed from GOES ( Ind ian  Ocean), was 
superimposed over  t h e  Eas te rn  P a c i f i c  domain, 
simply by r e f l e c t i n g  t h e  obse rva t ions  about  t h e  
d a t e l i n e .  The r m s  d i f f e r e n c e s  were computed us ing  
t h e s e  "random" obse rva t ions ;  t h e i r  h i s togram 
appea r s  as Fig .  4b. I f  a few l a r g e  e r r o r s  a r e  
ignored ,  a n  r m s  "observa t iona l  e r ro r ' '  of 4.2 m/sec 
r e s u l t s .  The impl i ca t ion  is  t h a t  t h e  in fo rma t ion  
con ten t  of cloud d r i f t  winds over  c l imato logy  may 
be  as  l i t t l e  as 0.6 m/sec i n  an  rms sense .  Grea t  
c a r e  must be taken  i n  u t i l i z i n g  these  obse rva t ions  
and i n  a n a l y s i s  over d a t a  s p a r s e  r eg ions .  

The d iscrepancy  wi th  Whitney's va lue  

A second s e t  of c loud  d r i f t  

3.2 The Divergent Component 

Divergence i n  t h e  t r o p i c s  is  e s p e c i a l l y  
d i f f i c u l t  t o  e s t i m a t e ,  no t  on ly  because of t h e  
l i m i t e d  informat ion  con ten t  of obse rva t ions ,  bu t  
a l s o  because of t h e  l a c k  of geos t rophic  ba l ance  
and because of t h e  major d ive rgen t  f o r c i n g  by 
d i a b a t i c  p rocesses  ( J u l i a n ,  1984).  01 schemes 
underes t imate  d ivergence ,  p a r t i c u l a r l y  on synop- 
t i c ,  and s m a l l e r ,  scales. To examine t h e  problem 
of l i n k i n g  d ive rgen t  and non-divergent wind 
f i e l d s ,  w e  decomposed t h e  ECMWF w i n d f i e l d s  i n t o  
non-divergent and i r r o t a t i o n a l  components, in -  
c r eased  t h e  d ivergence  uniformly by a c o n s t a n t  
f a c t o r ,  and r econs t ruc t ed  t h e  two d imens iona l  
s t r e a m l i n e s ,  u s ing  t h e  enhanced d i v e r g e n t  winds. 
Although t h e  r e s u l t i n g  d ivergence  is no t  an  i m -  
proved e s t i m a t e ,  i t  s t i l l  can be used t o  tes t  t h e  
e f f e c t  of l a r g e r  d ivergence  on t h e  s t r e a m l i n e  
f i e l d .  Typica l  r e s u l t s  appear i n  F ig .  5 ,  i n  which 
t h e  non-divergent stream funct ion  ( a )  is  compared 
wi th  s t r e a m l i n e s  (b) r econs t ruc t ed  u s i n g  4 t imes  
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Fig. 3 .  
T i m e  i nc reased  downward. C i r c l e s  a t  850 mb g i v e  approximate dropsonde l o c a t i o n s  and c i r c l e s  a t  150'15 

"Streamline" p a t t e r n s  a t  1000 mb ( r i g h t )  and 850 mb ( l e f t )  a long  3.75"N between 180 and l l O o W .  
- 

g i v e  t r o p i c a l  shipsonde l o c a t i o n .  

t h e  d ive rgen t  wind. 
wi th  major changes r e s t r i c t e d  to  t h e  proximi ty  of 
v e l o c i t y  p o t e n t i a l  extrema. Even i n  these  a r e a s ,  
t h e  changes a r e  r e s t r i c t e d  t o  t h e  downwind (non- 
d i v e r g e n t )  s i d e  of  t h e  extremum. The reasons  art. 
twofold: i )  A t  low l e v e l s ,  t h e  d ive rgen t  wind is  
usua l ly  smaller than t h e  non-divergent wind, so  
l a r g e  i n c r e a s e s  are necessa ry  be fo re  d ivergence  
i n f l u e n c e s  t h e  ove ra l l  p a t t e r n ;  i i )  A comparison 
of t hese  two ana lyses  shows t h a t  t h e  d ive rgen t  
wind p o i n t s  i n  the same d i r e c t i o n  as t h e  non- 
d ive rgen t  wind; thus, changes i n  magnitude of t h e  
d ive rgen t  wind w i l l  not change t h e  s t r eaml ine  
p a t t e r n .  
a t  200 mb, divergence f i e l d s  have a lmost  no e f f e c t  
on t h e  200 mb s t reaml ine  p a t t e r n .  I n  f a c t ,  t h e  
on ly  s i g n i f i c a n t  change a t  200 mb occur s  over  t h e  
SPCZ . 

I f  t h e  ECMWF a n a l y s i s  c o r r e c t l y  s imula t e s  
t r o p i c a l  divergence behavior ,  two conc lus ions  a r e  
c l e a r :  i )  Divergence a t  200 mb w i l l  be more d i f -  
f i c u l t  t o  es t imate  than a t  850 mb; i i )  Divergence 
is s o  poor ly  r e l a t ed  t o  s t r eaml ine  p a t t e r n s  t h a t  
dynamical o r  kinematic procedures  a r e  n o t  l i k e l y  
t o  r e s u l t  i n  improved d ivergence  estimates. 

The p a t t e r n s  a r e  similar, 

S ince  the non-divergent wind dominates 

4. CONCLUSION 

The mater ia l  of Sec t ion  3 sugges t s  t h a t  it 
i s  ex t remely  important t o  maximize wind accuracy .  
A t  t h e  same t i m e ,  more c r e d i b i l i t y  should be g iven  
t o  t h e  few observa t ions  a v a i l a b l e  i n  d a t a  s p a r s e  
a r e a s .  New procedures fo r  l i n k i n g  d ivergence  t o  
synop t i c  a c t i v i t y  (as sugges ted  by J u l i a n ,  1984) 
and o t h e r  wind f ea tu res  should be explored .  
i nnova t ive  01 schemes should be developed, a l lowing  
more d ive rgence  (Daley, 1985).  o r  keying s t r u c t u r e  
f u n c t i o n s  t o  t h e  synoptic system. 
c o r p o r a t i n g  s a t e l l i t e  imagery and o t h e r  q u a n t i t a t i v e  

More 

Methods of in -  

l5 20 J a n  122 GOES(west) 

i 1 5  - 
O U T L I E R S  

10  - 

1 
V mlsec 

Fig .  4.  a )  Histogram of 850 mb "observa t iona l"  
e r r o r s  w i th  r e s p e c t  t o  cloud d r i f t  winds. 5) A s  
i n  ( a ) ,  except  f o r  randomized cloud d r i f t  winds,  
observed by GOES ( Ind ian  Ocean) over  t h e  Bay of 
Bengal and Western P a c i f i c ,  and superimposed over  
t h e  Eas t e rn  P a c i f i c .  

d a t a  i n t o  t h e  i n i t i a l i z a t i o n  o r  d a t a  c o r r e c t i o n  
s t e p  should  be developed. 
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Fig .  5. a )  850 mb s t ream f u n c t i o n  der ived  from ECMWF analysed winds. b )  S t r eaml ine  a n a l y s i s  r e s u l t i n g  
from adding t h e  d ive rgen t  winds ( a r b i t r a r i l y  increased by a f a c t o r  of fou r )  t o  t h e  a n a l y s i s  i n  ( a ) ;  dashed 
l i n e s  g ive  t h e  modified v e l o c i t y  p o t e n t i a l  f i e l d .  
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1. BACKGROUND 

Data s p a r s i t y  and f l a w s  in t h e  s p e c i a l  ob- 
s e r v i n g  network in o p e r a t i o n  d u r i n g  t h e  FGCE f i r s t  
s p e c i a l  observing p e r i o d  make t h e  unambiguous in- 
t e r p r e t a t i o n  of t r o p i c a l  s y n o p t i c  sys tems n e a r l y  
impossible .  Smith et&. (1985) d e s c r i b e d  t h e  
appearance of mois ture  b u r s t s  o c c u r r i n g  in t h e  
t r o p i c a l  nor theas t  P a c i f i c  Ocean a s  s e e n  by Euro- 
pean Center  (EC) wind a n a l y s e s .  Thompson st. 
(1984) gave examples of how t h e s e  systems appear  
in TIROS indiv idua l  channel  b r i g h t n e s s  tempera- 
t u r e s ,  i n t e r p o l a t e d  and analyzed t o  a n  a p p r o p r i a t e  
g r i d .  Thompson fi. (1985) made a n  in te rcompar i -  
son of moisture  d i s t r i b u t i o n s ,  a s  d e s c r i b e d  by 
radiosonde and s a t e l l i t e  o b s e r v a t i o n s ,  w i t h  t h e  EC 
mois ture  analyses .  Although t h e r e  w a s  c o n s i d e r a b l e  
p a t t e r n  s i m i l a r i t y ,  correspondence between v a r i a -  
b l e s  was poor near  t h e  e q u a t o r  and in d r y  reg ions .  
When compared v i t h  independent  o b s e r v a t i o n s ,  t h e  
EC a n a l y s i s  appeared more r e a l i s t i c  t h a n  would 
have been supposed based on d a t a  a v a i l a b i l i t y  and 
a n a l y s i s  procedures. We extend  t h e s e  e f f o r t s  by 
d e s c r i b i n g  the  s y n o p t i c  development of mois ture  
f i e l d s  assoc ia ted  w i t h  m o i s t u r e  b u r s t s  n e a r  t h e  
ITCZ. 

2. ITCZ DISTURBANCES 

2.1 Sounding Data 

Fig. 1 p r e s e n t s  a rad iosonde  t ime s e c t i o n  
from s h i p  Par iz  near  t h e  equator  and 150'U. A 
mois ture  b u r s t  developed d u r i n g  t h i s  p e r i o d ;  de- 
velopment began about  06 GUT 21  January.  The sec-  
t i o n  demarks a number of mois t  l a y e r s  b e f o r e  and 
a f t e r  t h e  b u r s t  event ,  w i t h  n e a r  s a t u r a t i o n  below 

Fig. 1. Time s e c t i o n  of rad iosonde  d a t a  from s h i p  
P a r i z  (Eq. and 150°W) between 21 and 29 January ,  
1979. I s o p l e t h s  g i v e  dew p o i n t  d e p r e s s i o n  in O C ,  

wi th  shaded regions less than  5OC. Heavy l i n e s  
show i n v e r s i o n s  and s t a b l e  l a y e r s .  

300 mb throughout  t h e  a c t i v e  phase of t h e  b u r s t .  
Although t h e  b u r s t  developed t o  t h e  west of Par iz .  
t h e  s e c t i o n  s u g g e s t s  t h a t  t h e  b u r s t  involved t h e  
e q u a t o r i a l  r e g i o n  only  a f t e r  24 to  36 hours  of 
development. Cloud imagery confirm t h a t  b u r s t  
c l o u d s  l i n k  up w i t h  SPCZ cloud mass a long  and 
s o u t h  of t h e  e q u a t o r  o n l y  a f t e r  t h e  i n i t i a l  de- 
velopment p e r i o d .  P r i o r  t o  b u r s t  development, a l o w  
l e v e l  i n v e r s i o n  was o v e r l a i n  by a 200 mb t h i c k  
l a y e r  of  d r i e r  a i r .  A f t e r  t h e  b u r s t ,  t h e  dry  a i r  
and s t a b l e  l a y e r  r e t u r n e d .  
l y  is a n  i n v e r s i o n  a t  about  550 mb, o f t e n  sugges- 
t i v e  of  subs idence  g iven  t h e  r e l a t i v e  dryness  
a l o f t .  
t u r e  of  soundings over  t h e  t r o p i c a l  and s u b t r o p i -  
c a l  n o r t h  P a c i f i c  d u r i n g  t h i s  t ime per iod .  A l -  
though time s e c t i o n s  a t  nearby dropsonde sites 
look  somewhat d i f f e r e n t  t h a n  Fig. 1, i t  is c u r i -  
o u s l y  observed t h a t  t h e  t ime s e c t i o n  of radiosonde 
d a t a  a t  Isla Socorro. 4500 km t o  t h e  n o r t h e a s t ,  
m i r r o r s  t h e  p a t t e r n  in Fig. 1 c l o s e l y ,  b u t  delayed 
in t i m e  about  36 hours .  The mois ture  b u r s t  c r o s s -  
ed Socorro a s  i t  s t reamed nor theas tward .  

Although s e v e r e  d a t a  gaps occurred  in both  
s a t e l l i t e  and eounding d a t a  d u r i n g  t h e  b u r s t ' s  
e a r l y  development s t a g e ,  a f u l l  range  of  observa-  
t i o n s  was a v a i l a b l e  by t h e  23rd. F ig .  25 shows 
t h e  d i s t r i b u t i o n  of  m o i s t u r e  (dew p o i n t  depres-  
sion) a s  obta ined  from a series of dropsonde ob- 
s e r v a t i o n s  made a long  t h e  s o u t h e r n  edge of t h e  
ITCZ. The dropsondes were launched between 12 and 
23 GUT. 23 January  a l o n g  4'N from 150 t o  13OoW; 
t h e  sounding n e a r  160'W is Fanning I s l a n d  where 
t h e  s e c t i o n  t u r n s  northward ( t h e  f i g u r e  should be 
f o l d e d  a t  a r i g l i t  a n g l e )  and t h e  two l e f t m o s t  
soundings a r e  Hawaiian s t a t i o n s  l o c a t e d  1500 km t o  
t h e  n o r t h .  The deep l a y e r  of mois ture ,  noted in 
Fig. 1. is c e n t e r e d  a t  135'W a t  t h i s  l a t i t u d e .  
The dryness  n o r t h  and e a s t  of t h e  b u r s t  is appar-  
e n t .  The ex t remely  r a p i d  d isappearance  of c l o u d s  
t o  t h e  n o r t h ,  viewed in GOES enhanced imagery. 
conf i rms  subs idence  ex tending  throughout  t h e  d e p t h  
of  t h e  t roposphere .  

Appearing i n t e r m i t t e n -  

This i n v e r s i o n  i s  a n e a r l y  u b i q u i t o u s  fea-  

2.2 S a t e l l i t e  Data 

The c u r v e s  below t h i s  sounding s e c t i o n  
p r e s e n t  a number of  s a t e l l i t e  o b s e r v a t i o n s  and 
t h e i r  v a r i a b i l i t y  a long  4 ' N .  Fig. 2b d e p i c t s  t h e  
approximate c loud  h e i g h t s  ( a s  determined from 
color-enhanced GOES i n f r a r e d  imagery a t  OU GUT. 24 
J a n u a r y ) .  Agreement i s  good, wi th  t h e  h i g h e s t  and 
c o n v e c t i v e l y  appear ing  c loud  c l o s e  t o ,  b u t  s l i g h t -  
l y  west  o f ,  t h e  deep moist l a y e r .  The deep upper 
l a y e r  of  m o i s t u r e  a t  t h e  e a s t e r n  edge of t h e  sec-  
t i o n  is not a s s o c i a t e d  w i t h  high c louds .  The 
a b r u p t  d r y i n g  a t  Fanning is coupled w i t h  
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F i g .  2. Sec t ions  o f  meteoro logica l  d a t a  e a s t  of 
160"W a t  4'N. 
a l i n e  from Fanning I s l a n d  t o  Hawaii a t  20"N. a )  
A s  i n  F ig .  1, except  dropsonde d a t a ,  w i th  arrows 
g iv ing  sounding l o c a t i o n s .  b )  Cloud h e i g h t s  de- 
termined from c o l o r  enhanced GOES imagery. c )  
TIROS N b r i g h t n e s s  tempera tures  f o r  microwave and 
i n f r a r e d  channe l s  peaking a t  700 mb. d)  Mois ture  
channels  peaking a t  700 and 500 mb and a microwave 
channel  peaking c l o s e  t o  t h e  s u r f a c e .  

Data t o  t h e  l e f t  of 160"W l i e  a long  

1 disappearance  of c louds  above t h e  s u r f a c e  l a y e r .  
Discrepancies  a r e  expla ined  i n  p a r t  by t h e  d i f -  
f e r e n c e  i n  time of t h e  obse rva t ions .  It is  d i s -  
appo in t ing  t h a t  t h e  cloud imagery i s  unable  t o  
d i f f e r e n t i a t e  between t h e  mois ture  s t r u c t u r e  t o  
t h e  e a s t  and t h a t  t o  t h e  west of t h e  b u r s t .  

i n  a l a y e r  cen te red  a t  700 mb. The north-south 
tempera ture  d i f f e r e n c e  (on t h e  l e f t  s i d e  o f  t h e  
f i g u r e )  is e a s i l y  seen. The microwave s i g n a l  is 
nea r ly  f l a t ,  w i th  only  a broad minimum (0.5OC i n  
b r i g h t n e s s  tempera ture)  cen te red  over  t h e  mois t  
reg ion .  
t u r e  i n  t h e  i n f r a r e d  s i g n a l  perhaps is  caused by 
c loud  contaminat ion .  Although process ing  proce- 
du res  a r e  supposed t o  e l i m i n a t e  cloud-contaminated 
obse rva t ions ,  they are appa ren t ly  n o t  e n t i r e l y  
s u c c e s s f u l .  

Fig.  2d d e p i c t s  TIROS i n f r a r e d  mois ture  
channels  f o r  l a y e r s  cen te red  on t h e  700 and 500 mb 
s u r f a c e s  and t h e  microwave channel peaking near  
the s u r f a c e .  The w e t t e s t  a r e a s  (co ld  i n f r a r e d )  
a g r e e  w e l l  w i th  t h e  deep l a y e r  o f  mois ture  de t ec t -  
ed by dropsondes a t  145"W, and noted by t h e  deep 
c loud  i n  F i g .  2b. The s i g n a l  is  s t r o n g e r  i n  t h e  
lower channel .  I t  i s  s u r p r i s i n g  t h a t ,  d e s p i t e  t he  
cloud cover  (noted  as contaminat ion  of t he  thermal 

Fig.  2c d e p i c t s  thermal s i g n a l s ,  nominally 

The 2.5"C dec rease  i n  b r i g h t n e s s  tempera- 

s i g n a l ) ,  bo th  moi s tu re  channels  recognize  t h e  
drier a i r  east of t h e  moist  reg ion .  The peak i n  
the microwave s i g n a l  cor responds  t o  t h e  h igh  con- 
vec t ive  c louds  s l i g h t l y  w e s t  of t h e  mois t  r eg ion .  
The dec rease  from t h i s  peak fo l lows  t h e  t r end  i n  
cloud he igh t  c l o s e l y .  This  peak probably is  due 
t o  abso rp t ion  by heavy p r e c i p i t a t i o n  and re- 
emission i n  t h e  r a i n  s h a f t ;  t h i s  re-emission w i l l  
appear warm because t h e  low e m i s s i v i t y  of t h e  
ocean s u r f a c e  makes t h e  background r a d i a t i o n  
appear t o  be  coming from a c o l d e r  source .  

2.3 EC Ana lys i s  

These obse rva t ions  can be  compared wi th  EC 
a n a l y s i s  a long  t h e  ITCZ.  F ig .  3a shows t h e  v e r t i -  
c a l  s e c t i o n  of ana lyzed  r e l a t i v e  humidity,  compar- 
ab le  t o  F ig .  2a. In s p i t e  of t h e  very low v a r i -  
a b i l i t y  of EC ana lyzed  mois ture  i n  t h i s  r eg ion ,  
s i g n i f i c a n t  synop t i c  v a r i a t i o n  occur s  a long  the 
sec t ion .  The moi s t  r eg ion ,  which peaks a t  500 mb, 
corresponds t o  i i iai  i i i  Fig. ;a, althorigh the  
a n a l y s i s  p l a c e s  i t  about 5" too f a r  t o  the  e a s t .  
De ta i l  o u t s i d e  t h i s  w e t  reg ion  i s  l ack ing ,  a l -  
though t h e r e  is some h i n t  o f  850 mb d ryness  a t  
about 137"W. The upper l e v e l  d ry  r eg ions  a r e  n o t  
wel l  s imula ted .  (Thompson 9 e., 1985, showed 
t h a t  t h e  EC a n a l y s i s  has  d i f f i c u l t y  wi th  t r o p i c a l  
dry r eg ions . )  F ig .  3b l o c a t e s  t h e  e q u a t o r i a l  sec-  
t i o n  wi th  squa res ;  i t  a l s o  demarks l o c a t i o n s  of 
v e r t i c a l  s e c t i o n s  perpendicular  t o  t h e  ITCZ.  
These s e c t i o n s  are shown i n  F ig .  4 .  The extreme 
upper t roposphe r i c  dryness  no r th  of t h e  ITCZ (Fig.  
2b) is  wel l  s imula ted  i n  Sec t ion  1. The fou r  sec-  
t i o n s  show t h a t  t h e  mid-tropospheric mois ture  
maximum a c t u a l l y  c r o s s e s  t h e  equator  ( i t  is  cen- 
te red  a t  3 .5"s  i n  Sec t ion  2)  and moves through t h e  
ITCZ l a t i t u d e s  ( t o  12"N in Sec t ion  4 )  and even t o  
20°N f u r t h e r  t o  t h e  e a s t .  On t h e  extreme w e s t  
s i d e  of Fig.  3, t h e  mois t  r eg ion  i s  d r i e r  and 
sha l lower ,  wi th  r e l a t i v e  humidity i n  excess  of 70% 
l imi t ed  t o  t h e  s u r f a c e  l a y e r  south  of t h e  equa to r  
(Sec t ion  1 i n  F ig .  4 ) .  Subsequent mois ture  sec- 
t i o n s ,  however, show t h a t  t h i s  e q u a t o r i a l  d ry ing  
to  t h e  west of t h e  mois ture  b u r s t  is on ly  a tempo- 
r a r y  event .  

3 ,  ON BURST DYNAMICS 

Most of t h e  analyzed d a t a  (soundings,  map- 
pings of sa te l l i t e  channel  d a t a ,  s a t e l l i t e  imagery 
and EC a n a l y s i s )  sugges t  t h a t  t h e  mois ture  b u r s t  
develops a long  t h e  no r th  s i d e  of t h e  ITCZ and on ly  
l a t e r  becomes l i n k e d  t o  no r the rn  s u b t r o p i c a l  and 
m i d l a t i t u d e  d i s tu rbances ,  and a l s o  t o  c ros s -  
e q u a t o r i a l  c i r c u l a t i o n s .  Divergence e s t i m a t e s  
based on EC wind a n a l y s i s  a t  s i n g l e  l e v e l s  f a i l  t o  
confirm t h i s  i n i t i a l  i s o l a t i o n  from t h e  sou the rn  
hemisphere. These ana lyses  uniformly show t h i s  
mois ture  b u r s t  deve loping  d i r e c t l y  o u t  of a 
convergence/divergence c e n t e r ,  l oca t ed  s e v e r a l  de- 
g rees  south  of t h e  equator  a t  about  16OoW, and 
a s soc ia t ed  wi th  a l o c a l  p e r t u r b a t i o n  of t h e  SPCZ. 
To t e s t  t h i s  a s p e c t  o f  t h e  EC ana lyses ,  a s  w e l l  as 
to  examine t h e  motion f i e l d s  i n  con junc t ion  wi th  
the  s a t e l l i t e  d a t a ,  w e  prepared two e s t i m a t e s  of 
v e r t i c a l l y  i n t e g r a t e d  d ivergence .  A sample of each 
is shown i n  F ig .  5. The f i r s t  is the  24 hour 
change i n  t o t a l  mass f i e l d  sensed by changes i n  sea 
l e v e l  p re s su re .  The second is t h e  v e r t i c a l l y -  
i n t e g r a t e d  mass d ivergence  determined k inemat i ca l ly  
and conver ted  t o  s u r f a c e  p re s su re  change, assuming 
t h a t  omega is z e r o  a t  100 mb. The d i f f e r e n c e s  a r e  
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Fig. 3 .  a )  V e r t i c a l  c r o s s  s e c t i o n  of analyzed 
r e l a t i v e  humidity cor responding  t o  F ig .  2 .  Rela- 
t i v e  humidity g r e a t e r  than  70% is shaded, b) 
Loca t ion  of s ec t ion  i n  (a )  ( squa res )  and of c ros s -  
s e c t i o n s  i n  Fig. 4 ( t r i a n g l e s ) .  

s t r i k i n g  . 
The extrema of p re s su re  change observed i n  

F ig .  5a follow t h e  b u r s t  a x i s  d e l i n e a t e d  by cloud 
imagery r a t h e r  c l o s e l y .  Two peaks of p re s su re  in- 
c r e a s e  a r e  observed, one a t  1O"S, 155"W and t h e  
o t h e r  about  2000 km t o  t h e  n o r t h e a s t .  Genera l ly ,  

p re s su re  f a l l s  occur  t o  t h e  w e s t  of t h e  b u r s t .  A t  
no t i m e  du r ing  t h e  b u r s t  development do s t r o n g  
p res su re  f a l l s  occur  i n  t h e  b u r s t  o r i g i n  r eg ion .  
Where t h e  b u r s t  c rossed  the  American c o a s t ,  l a r g e  
p re s su re  f a l l s  a r e  a s soc ia t ed  wi th  l a r g e  a r e a s  of  
deep c louds .  The reason  f o r  p re s su re  i n c r e a s e s  
a long  t h e  convec t ive  cloud a x i s  i s  u n c e r t a i n .  A l -  
though t h e r e  i s  no requirement f o r  f a l l i n g  s u r f a c e  
p re s su re ,  r i s i n g  motion is u s u a l l y  coupled wi th  
f a l l i n g  p res su re .  I f  t h e  obse rva t ions  a r e  c o r r e c t ,  
they imply simply t h a t  convergence a t  lower l e v e l s  
is s t r o n g e r  than  d ivergence  a t  upper l e v e l s .  

sure  change p a t t e r n  (Fig.  5b) shows a lmost  no 
s i m i l a r i t y  t o  t h e  observed p res su re  change. 
S t rong  p r e s s u r e  f a l l s  a r e  es t imated  immediately 
sou theas t  of H a w a i i ,  bu t  no p a t t e r n  a l i g n s  i t s e l f  
a long  t h e  b u r s t  a x i s .  More puzz l ing  is t h e  nea r  
d i sappearance  of v e r t i c a l l y - i n t e g r a t e d  d ivergence  
south  of 12"N; t h i s  p a t t e r n  is  main ta ined  over  t h e  
e n t i r e  9 day s tudy  per iod  and must be cons idered  a 
spur ious  p rope r ty  o f  t h e  a n a l y s i s .  Although a 
number of a u t h o r s  have d i scussed  the  shortcomings 
of t r o p i c a l  d ivergence  schemes, and i n  p a r t i c u l a r  
t hose  procedures  u t i l i z e d  by EC, t h i s  proper ty  o f  
n e a r l y  p r e c i s e  v e r t i c a l  compensation of conver- 
gence and d ivergence  which swi t ches  on impuls ive ly  
sou th  of l Z O N ,  has  no t  p rev ious ly  been d i scussed .  

Although t h e  p a t t e r n s  of s u r f a c e  p r e s s u r e  
change are i n c o n s i s t e n t  and no t  always w e l l -  
c o r r e l a t e d  t o  t h e  s a t e l l i t e  cloud imagery and 
channel d a t a ,  p a t t e r n s  l i k e  t h a t  of F ig .  5a sug- 
g e s t  t h a t  c ros s -equa to r i a l  connec t ions  a r e  poten- 
t i a l l y  very  s t r o n g .  Because of t h e  incons i s t ency  
o f  p a t t e r n s ,  no conclus ions  can be  reached regard-  
ing  b u r s t  i n i t i a t i o n  r eg ions .  

The k inemat i ca l ly - in fe r r ed  s u r f a c e  pres -  

4 .  SUMMI\RY 

Important synop t i c  v a r i a t i o n s  occur  a long  
t h e  win te r  ITCZ i n  t h e  North P a c i f i c .  Opera t iona l  
s a t e l l i t e  d a t a  and s p e c i a l  FGGE d a t a  d e s c r i b e  
s u b t l e  d e t a i l  of t h i s  v a r i a t i o n .  Although EC 
a n a l y s i s  cannot  be expected t o  reproduce t h i s  de- 
t a i l  p r e c i s e l y ,  i t  i s  s t i l l  s u r p r i s i n g l y  r e a l i s t i c ,  
s u r p r i s i n g  i n  view of t h e  excess ive  s p a r s i t y  of 
d a t a  f o r  model i n i t i a l i z a t i o n .  Discrepancies  occur  
i n  t h e  i n d i v i d u a l  s a t e l l i t e  o b s e r v a t i o n s ,  most of 

4 0  -3  5 11 5 4 0  - 3  5 

Fig .  4 .  Cross s e c t i o n s  of r e l a t l v  
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'e humidi ty ,  l o c a t i o n s  a s  i n  F 
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i g .  3b. 

106 

I 



which have reasonable physical explanations. 
When different channels are viewed simultaneously 
these discrepancies can yield added signal--the 
existence of heavy precipitation cores, cloudy 
data in supposedly clear sky retrievals, and so 
forth. Unraveling synoptic development associated 
with vertical motion is still a thorny problem. 
While satellite data reveal important evolution 
patterns, in both space and time, linking these 
patterns to motion fields and other dynamic vari- 
ables remains obstinately unsolved. 

Fig. 5. Sea level pressure change in units of 
mblday: a) Observations, with falls greater 
than 2mb/day shaded; b) Derived data from verti- 
cally integrated divergence, with falls greater 
than O.Smb/day shaded. 
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1. INTRODUCTION 

An unde r s t and ing  of t h e  v a t e r  vapor  r l l l x i s  
and wa te r  vapor budgets  of a l l  are;is of t h c  1:drth 
is d e s i r a b l e  and f o r  sume probleins e s s e n t i a l .  Lc 
e v e r ,  f o r  most a r e a s .  p a r t i c u l a r l y  t h e  ocean ic  
a r e a s  o f  t r o p i c a l  and s u b t r o p i c a l  l a t i t u d e s ,  d . i ta  
r o u t i n e l y  a v a i l a b l e  a r e  inadequa te  t o  a?!o*r d e t e r -  
m i n a t i o n  of  tlie f l u x e s  and budge t s .  I l ec rn t ly .  t i le 
t a s k s  o f  the C lcba l  Atmospheric Rearclrch P r o g r m  
(CARP)  have included g a t h e r i n g  d a t a  more a d r q d a t e  
f o r  such eva lua t ions .  T h i s  paper d e s c r i h e s  t!ie 
r e s u l t s  of c a l c u l a t i o n s  of m o i s t u r e  f l u m s  made 
us ing  d a t a  obtained d u r i n g  t h e  f i r s t  Spcc id l  OLsCr- 
v ing  Period (SOP-1) of  t h e  F i r s t  GAKP Global Exper- 
iment (FGCE). The a r e a  examined was ove r  t h e  devp 
t rop icc i l  ens t c rn  P a c i f i c  Ocean n o r t h  o f  t h e  equa- 
t p r .  Tlw a r c 3  s l w c i f i c a l l y  examined extendzd froin 
t h e  equa to r  t u  l a t i t u d e  20"N and from l o n g i t u d e  
180' to :OOok', bu t  w i t h  c o n c e n t r a t i o n  on t h e  r e -  
g iop  s o u t h  and s o u t h e a s t  of t h e  Hawaiian I s l a n d s .  
Tile s p e c i f i c  s y n o p t i c  f e a t u r e  t o  which t h e  tr irns- 
p o r t  and budgets u e r e  r e l a t e d  w a s  a p a i r  of "mois- 
t u r e  b u r s t s " :  t h e  development of an e x t r u s i o n  of 
c l o u d i n e s s  and accompanying moi s tu re  from t h e  con- 
vergence zone o f  t h e  e q u a t o r i a l  North P a c i f i c  
north-eastward toward North America (Smith &., 
1985; Thompson eta., 1984) .  

2 .  DATA 

I:ormallv, t h e  o n l y  upper  a i r  r e p o r t s  froxi 
t h e  a r e a  of i n t e r e s t  a r e  t h e  radiosor .de r e p o r t s  
from Llte Hawaiian I s l a n d s  and p i l o t  r e p o r t s  froin 
commercial  and m i l i t a r y  a i r c r a f t .  Surf3t.r reporLs 
a l s o  a r e  scarce excep t  i n  Hawaii and t i x  s l i i : i l i i n~  
l a n e s  because of t h e  few i s l a n d s  o t i i e r  t i x n  t h e  
t k v a i i a n  group. During t h e  FGGE SO?-1, s p e c i a l  
oLse rva t ions  were made. These inc luded  r econna i s -  
s.ince f l i a b t s  w i t h  dropwindsonde capab ; l j  t y  and 
some westl ler s h i p s  w i t h  r a v i n s o c c e  . :quipscut.  
While t l ie  d a h  d e n s i t y  remained low ccapa red  t u  
scme l a n d  areas .  i t  was much better t l i 2n  eve r  be- 
f o r e  Cor the a r e a .  The d a t a  became pa;t of t h e  
so -ca l l ed  FGCE TI-h d a t a  s e t  and make u p  tile b a s i c  
d a t a  for this s t u d y .  

2 . 1  The Dropsonde Data  

Reconnaissance a i r c r a f t  were used t o  f l y  
m i s s i o n s  from t h e  wes t  c o a s t  of North America and 
from Oahu. Tracks u s u a l l y  were flown d i a g o n a l l y  
toward t h e  equator .  t h e n  a l o n g  a l a t i t u d e  c t r c l e  
nea r  t h e  equator  f o r  abou t  2,000 km, t hen  no r th -  
ward a f e u  hundred km. t h e n  a long  a l a t i t u d e  c i r -  
c l e  i n  a d i r e c t i o n  o p p o s i t e  t o  t h a t  o f  tlic. szrund 
It%. and f i n a l l y  back t o  home b.tse. F i iS i i t  l c v r t n  
u s u a l l y  vere n e a r  10,000 m or a l i t t l e  h i g h e r .  un 
t h e  optimum days ,  one f l i g h t  was made from :lie 
wt-st  c o a s t  and two from Oahu, one t o  t h e  sou:'ir.ast 

a n J  t h e  o t h e r  t o  t h e  s o u t h v e s t .  Tlie f l i g h t s  
usba1l.r. were made c l o s e  enough t o  t h e  sdaie t ime  
t h i t  t hey  were cons ide red  a s  s y n o p t i c .  Tlie s c rond  
l e g  of t h e  f l i g h t  sou t l l ea s t  of 0;itiu W ~ L :  usu:i l ly 
c l o s e  t o  4'N, wh i l e  one of tile east-west  i c g s  u f  
~ a c l i  of t h e  o t l l e r  f l  igliLs  as also c l o s c  t o  clii:; 
l a t i t u d e ;  by d i s p l a c i n g  t h e  dropsonde i w q i t i o n s  
tor  e a i h  of Lhcse iccs t o  a connnon l a t i t u d e  (4'N). 
a zona l  s e c t i o n  frcr.1 about  tlic d a t e  l i n e  ( l a t .  
189') KO ll0"W could be p repa red  on most d a y s .  
A l s o ,  combining dropdindsonde d a t a  f r o m  two ol t h e  
f l i g h t s  ( o r  i n  some c a s e s  us ing  o n l v  a s i n g l e  
f l i g ! i t )  a l lowed caking computaLions f o r  a volume. 

davs i n v e s t i g a t e d  (21)-29 Janua ry  1979). and o n  
some of t h o s e  days  a t  l e a s t  @ n e  o f  t i le recurinais-  
s ance  f l i g i t t s  neve r  . s t a r t ed  or w . i s  n h o r t t d .  

\ r inds GbLained by use of t h e  dropwindsolides con- 
t a i n  s i g n i f i c a n t  i n s z c u r a c i e s ;  however, so i . i r  
t h c r e  10s 5e,.n no :icreinpt t o  a d j u s t  tliL. c . ? l c i ~ l n -  
t i o n s  r e p o r t c d  i n  t h i s  pape r ;  t h i s  k i l l  be  con- 
s i d e r e d  a g a i n  l a t e r .  

Flight-:  were made on o n l y  seven of t h e  ten 

Tltcre is d e f i n i t e  i n d i c a t i o n  t i n t  t l lc 

2 .2  The FGGE 111-b Data 

The FGCE 11-b d a t a  t n v e  been ana lyzed  by 
t h e  European Center  For Medium Range Wea:hcr Fore- 
c a s t i n g  (ECMWF) a n d  produced a s  a s e t  or g r f d d t d  
d a t a  wi th  rl g r i d  sprlcii lg 0 1  i.975". l i i e s e  ;:rc 
r e f e r r e d  t o  as  t!ie ''GE 1 1 1 - h  d a t a  s e t .  Tiiese 
d a t a  were used t o  produce m c i s t u r c  f1u.c i .n  i o r  !.he 
same sec:iou ( a long  '~oll) a n d  volumes a.q ri iusc u:,cd 
w i t ! #  tile J i o p ~ i n d s o n d e  d a t a .  

3. CALCULATION TKOCEDURCS 

3.1 Hor izou ta l  F lux  Calru1; l t ioLs 

The c a l c u l a t i o n  p rocedures  used f c r  t!ic 
r cpu l  L S  prescn ted  ii,::e a r e  c s s c n t i ; l l y  tlic si in ' - '  as 
used by s e v e r a l  o t h e r  i n v r s t i e a t o r s .  I m m :  titem 
a r e  Sal:. and-8avadek. i r  (1"7'3), Cadet (1963,. lint;- 
1,3114 aiid Sikci i r  ! l ? S ' l j  3r.d f:h.itt .p 51. ('.'I$!$). 

A I 1  4etermir t .d  tile i i u x e s  acrosc a vcr:ic;-! TILT- 

l a c e  o r  a c r o s s  t h e  v . ? r t i c a l  v a i l s  of RII i t inonpiwr- 
i c  volume by u s i n g  t l ie e x p r e s s i o n  
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and t h e  o t h e r  symbols have t h e i r  u s u a l  meteoro logi -  
c a l  o r  m a t h e m a t i c a l  meanings.  V and q may be  ex- 
p r e s s e d  a s  i n s t a n t a n e o u s  v a l u e s ,  a s  mean v a l u e s .  
o r  a s  mean p l u s  eddy v a l u e s ,  as  appr0priat .e  f o r  Ll~e 
p a r t i c u l a r  problem be ing  examined. For  t h i s  paper, 
i n s t a n t a n e o u s  v a l u e s  a r e  used;  ttic . . ,a luea a r e  tie- 
t e rmined  from t h e  dropwindsonde d a t ?  O K  from tlle 
FCGE 111-b d a t a  and a p p l i e d  t o  a bocndary w a l l  
a l o n g  l a t i t u d e  4"N o r  t o  t h e  v e r t i c a l  w a l l s  of t h e  
volumes d e s i g n a t e d  by t h e  r e c o n n a i s s a n c e  f l i g h t  
t r a c k s .  I t  should  be n o t e d  t h a t  t h e  volumes v a r y  
somewhat from o n e  f l i g h t  t o  a n o t h e r .  

3 .2  M o i s t u r e  Budget 

The u s u a l  assumpt ion  i n  d e t e r m i n i n g  m o i s -  
t u r e  b u d g e t s  is t o  n e g l e c t  any m o i s t u r e  above some 
upper  boundary,  s a y  t h e  30 kl'a surEace .  T h i s  i s  
c l o s e  t o  t h e  r e c o n n a i s s a n c e  f l i g h t  l e v e l .  

d e t e r m i n a t i o n  o f  t h e  v e r t i c a l  f l u x  of m o i s t u r e  
a c r o s s  the s e a  s u r f a c e .  I t  d o e s  n o t  seem p r o p e r  
to u s e  t h e  l o w e s t  l e v e l  r e p o r t e d  by dropwindsonde 
to r e p r e s e n t  tlie a i r  a t  1 0  m above t h e  ocean .  
A l s o ,  no s e a - s u r f a c e  t e m p e r a t u r e  v a l u e  i s  a v a i l - a b l e  
from t h e  a i r c r a f t  r e p o r t .  F u r t h e r ,  no r e s e a r c h  
s h i p s  were on t h e  p e r i p h e r y  of t h e  s e l e c t e d  volume. 
Probably  good mean v a l u e s  of  t h e  s e a - a i r  l i f f e r -  
ences  may be d e t e r m j n e d ,  a l l o w i n g  c v n v m t i o n a l  b u l k  
t r a n s E e r  e s t i m a t e s  of f l u x ,  b u t  sucli v a l u e s  would 
g i v e  no added i n f o r m a t i o n  on v a r i a b i l i t y  Leynnd 
t h a t  provided  by t h e  day-to-day v a l u e s  of t h e  
f l u x e s  th rough t l i c :  v e r t i c a l  w a l l s .  T!ius, a n  
a t t e m p t  t o  compute volume b i d g e t s  has n o t  been 
in.ide as y e t .  

The d i f f i c u l t  t a s k  i n  t h i s  s t u d y  is t h e  

3 . 3  P e r i o d  S t u d i e d  

The d a t e s  s e l e c t e d  f o r  e v a l u a t i o n  a r e  be- 
tween 21  and 29 J a n u a r y  1979,  a p e r i o d  wlien two 
m o i s t u r e  b u r s t s  evolved  o v e r  t h e  a r e a  described 
 hove. 7'1iis exainiiiatir7n of t l i c  m o i s t u r e  tFm.i:.4er:> 
is a p t i r t  of  :in i n v e s t i g a t . i o n  of t l i r a  II 

b u r s t s  (?lcCuirk - e t  -- a l . ,  1985) .  

4 . RESULTS 

4 . 1  L u x  Across  L a t i t u d e  4'N 

M o i s t u r e  t r a n s p o r t  a c r o s s  l a t i t u d e  4"N is 
examined f i r s t .  The f i r s t  c a l c u l a t i o n  was f o r  t h e  
l a s t  few h o u r s  o f  t h e  2 0 t h ,  t h u s  a f e w  h o u r s  b e f o r e  
t h e  i n i t i a t i o n  of  a i i iois ture  b u r s t  e a r l y  o n  t h e  
2 1 s t  ( a l l  t i m e s  r e f e r  t o  GNT). T h i s  p a r t i c u l a r  
l i n e  e x t e n d s  o n l y  froin 170"W t o  l l O o W ,  a s  i n d i c a t e d  
i n  F i g .  1. The a r r o w s  normal  t o  t h e  l i n e  r e p r e s e n t  
w a t e r  vapor  f l u x  a c r o s s  a uni.t l engt l i  of  t h e  s e c -  
t i o n ,  w i t h  t h e  l e n g t l i  p r o p o r t i o n a l  t o  t h e  f l u x  mag- 
n i t u d e  i n  a c c o r d  w i t h  t h e  s c a l e  on  t h e  f i g u r e .  The 
f l o w  a c r o s s  any  segment  of  t h e  l o n g  s e c t i o n  i s  
g i v e n  by t h e  p r o d u c t  o f  t h e  f l u x  of t h a t  s e c t i o n  
and t h e  l e n g t h  of t h a t  segment ,  p o s i t i v e  f o r  flows 
t o  tlie n o r t h ;  t h e  n e t  f low (upper  l e f t  c o r n e r  of 
t h e  f i g u r e )  is t h e  length-weighted  s i i i i i  ol; tlie f lows  
a c r o s s  e a c h  segment .  The a v e r a g e  mci.isture f l u x  j.s 
o b t a i n e d  by d i v i d i n g  t h e  n e t  f l o w  by clie t o t a l  
l e n g t h  o f  t h e  s e c t i o n .  The m o i s t u r e  bur-s t  w a s  
i n i t i a t e d  n e a r  150"W. To t h e  e a s t  of t h i s  p o i n t  
t h e  f l u x  was nor thward  f o r  some 2,000 kin. w h i l e  i t  
was southward f u r t h e r  w e s t .  E a s t  of ctbout  13O"ii' 
t h e  f l u x  was weaker ,  though m o s t i y  t o  t h e  n o r t h .  
The  a v e r a g e  f l u x  and t o t a l  w a t e r  vapor  flow a r c  

I) 
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Fig.  1 .  Merid iona l  component o f  waLer vapor  f l u x  
a c r u s s  4"N on  20 J a n u a r y  1979 a b o u t  21 G P I l ,  com- 
puted  u s i n g  dropwindsonde d a t a .  L i n e  segments  
w i t h  a r rowheads ,  d i r e c t e d  riorinal t o  t h e  l a t i t u d e  
l i n e  a r e  t l ie  f l u x e s ,  p o s i t i v e  t o  t l ie  n o r t h ,  w i t h  
t h e  segment l e n g t h  p r o p o r t i o n a l  t o  t h e  f l u x  a c r o s s  
a 1 meter p o r t i o n  of  t h e  l a t i t u d e  c i r c l e .  Note 
t h e  i n s e r t e d  f l u x  s c a l e .  

toward t h e  n o r t h .  
The second ri:d:.sture b u r s t  was i n i t i a t e d  

t h e  morning of t h e  2 5 t h  n e a r  1 4 O " W .  '[lie w a t e r  
vapor  f l o w s  a c r o s s  (+ON scver i l l  h o u r s  befor< ,  t h e  
i n i t i a t i o n  a r e  g i v e n  i r i  F i g .  2 .  The flows were 
e i t h e r  n e a r  z e r o  ( t r u e  f o r  oic;sv of  tlie l i n e )  o r  
toward :he sout l i  n e a r  t l ie  p o i n t  of' i n i t i . i t i o n  and 
even more s t r t ~ n g 1 . y  Loward tlie s u u t h  a t  L l i o  west  
end of t h e  s e c t i o n .  

hy wlii<.h cinit? tile m:ais ture  1 , u r s t  was w e l l  e s l a b -  
lisiied. t h e  nioisturc? t r a n s p o r k s  ( F i g .  3) lid3 
changed s i g n i f i c a n t  I y . W I i  i 1 e t::e f l u x e s  w r r e  
s m a l l  f o r  most o f  tile s e c t i o n ,  : I l r  p l a c e s  o f  l a r g e  
f low had s h i f t e d  p o s i t i o n  and d i r e c t i o n  r a d i c a l l y .  
F lux  i n  t h e  v i c i n i t y  of  t h e  b u r s t  was toward t h e  
n o r t h ,  t h u s  changin2  d i r e c t i o n  180°. w h i l e  t h e  
s o u t h e r l y  f Lu:c hpd d i s s p p e a r e d  a t  tlie w e s t  end o f  

ion and hnd c s t a b l i s l i e d  i::;elf a t   he e a s t  
ecd .  

S t i l l  anotnc.. d.iy l a t e r  (on tlie Z h t l i ) ,  t lle 
f low o f  i i iois ture  i n  t h e  l o v g i  tiillt?:; of t h e  m o i s t u r e  
b u r s t  was s t i l l  froiii t h e  soiltli (no t  i l l u s t r a t c v J ) ,  
wit:h a f l u x  a c r o s s  i' u n i t  w i d t h  o i  t h e  s e c t i o n  
roughly  t w i c e  t h a t  of  a day e a r l i e r .  Flow t o  t l ie  
s o u t h  liad been r e e s c s b l i s h e d  a t  t h e  west end (wes t  
o f  L7O"W), w i t h  n e a r - z e r o  Elow between 170 and 
145"W and e a s t  o f  ll.OoW. 

f low w a s  t o  t h e  s o u t h ;  e a s t  o f  14Oo!J t n e r e  was 

A d a y  l a t e r ,  on t l lc  a l t e r n o o n  U T  tlie 2 5 t h .  

By t h e  2 8 t h  ( F i g .  4 ) ,  west  o f  1SO"k' t i ie  

I 
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F i g .  2 .  S a m  as F i p .  1, b u t  f o r  24 Jcinu:iry 1379 
~ h o i i t  21 CXT. 
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F i g .  3. Same as F i g .  1, b u t  f o r  25 January  1979 
a b o u t  21 GMT. 

nc.ar7y e q u a l  flow t o  t h e  n o r t h .  The t o t a l  ( n e t )  
f low was a n  order  of magnitude less t h a n  on t h e  
o t h e r  d a y s .  

a l s o  c a l c u l a t e d  based on t h e  a n a l y z e d  FCGE 1.11-b 
d a t a .  
( a c t u a l l y  3.75'") were i n s e r t e d  i n t o  t h e  w a t e r  
vapor  f l u x  equat ion .  T h i s  c a l c u l a t i o n  a l l o w ~ l l  ai l  
e s t i m a t e  o f  the f l u x  f o r  each  map t ime.  The rc- 
s u l t s  of c a l c u l a t i o n s  f o r  f o u r  map t i m e s  are s1:own 
i n  F i g .  5. The h o r i z o n t a l  l i n e s  r e p r e s e n t  d i s t a n c e  
a long  4'N ( a c t u a l l y  3.75"N), w h i l e  t h e  v e r t i c a l  
1 l n e  scgiiil'nts are p r o p o r t i o n a l  t d  tlie f l u x  across n 
u n i t  l e n g t h  of t h e  l a t i t u d e  c i rc1 .e .  

a r y ,  1979; t h e  t i n i c  c o r r e s p o n d s  nppro:;iin;itc:ly LO 

t h a t  of  F i g .  1. The f l u x e s  c a l c u l a t e d  t r o n  tiin 
111-b  a n a l y s e s  were toward t h e  n o r t h  IJL!tWfell 1 3 " W  
and L30"W, thus a b o u t  ttie l o n g i t u d e  of  t h e  di:vnlop- 
i n g  m o i s t u r e  b u r s t .  West o f  155"W they  were toward 
tlie s o u t h .  CJeak f l u x e s  were p r e s e n t  e a s t  of  130"W. 
T h i s  p a t t e r n  is  i n  phase  w i t h  t h e  f l u x e s  based  on 
t h e  dropwindsonde d a t a  ( F i g .  l), though tlie magni- 
t u d e s  do n o t  agree .  

130"W were d e r i n i t e l y  from t h e  s o u t h ,  w h i l e  t h e  
f l u x e s  n e a r  140'W and n e a r  160"W had dropped t o  
n e a r  z e r o .  Other s e c t o r s  were s i m i l a r  t o  t h o s e  o f  
t h e  21st. Comparison w i t h  F i g .  2 shows good a g r e e -  
ment wes t  o f  about 160°W, f l u x e s  of  o p p o s i t e  s i g n  
n e a r  140"W, and d i f f e r e n c e s  of  magni tude e a s t  o f  
130'W. Agreement between t h e  t w o  methods is  l e s s  
s a t i s f a c t o r y  than on t h e  21st. 

Twenty f o u r  h o u r s  l a t e r  (F ig .  5c), a b o u t  
t h e  t ime of  t h e  second b u r s t ,  t h e  f l u x e s  were s m a l l  
w e s t  of 15OoW and from t h e  s o u t h  b u t  v a r i a b l e  i n  
magnitude e a s t  of 15OoW. T h i s  b e h a v i o r  c o r r e s p o n d s  

The water  vapor  f l u x e s  acro:;s 4"N were 

Values  of t h e  mapped v a r i a b l e s  d o n g  ( I O N  

The top l i n e  g i v e s  tlie t1uxt.s ic?r 21 .Jaoii- 

By t h e  25th  ( F i g .  5 b ) ,  t h e  r l u x c s  e a s t  o f  
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Fig .  4 .  Same as  F i g .  1, b u t  f o r  28 .IntuaIy I979 
a b o u t  2 1  GMT. 

c. 26 JAN 00 GMT dl lbu  4"N 

I100 kg/ms 
I T -  

4"N I.17 5 100 kg/ms 
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Fig .  5. M e r i d i o n a l  component o f  w a t e r  v a p o r  f l .ux 
a c r o s s  4'N l a t .  on f o u r  d a y s  i n  J a n u a r y  1979,  com- 
puted  u s i n g  FGGE 111-b a n a l y s e s .  L i n e  segments  
r u n n i n g  upward from t h e  b a s e  l i n e  a r e  f l u x e s  t o  
t h e  n o r t h ,  w i t h  t h c  segment l e n g t h  p r o p o r t i o n a l  t o  
t h e  f l u x  a c r o s s  a I meter  p o r t i o n  of  the l a t i t u d e  
c i r c l e .  Ntlte tlie i n s e r t e d  f l u x  s c a l e .  

f a v o r a b l y  w i t h  t h a t  detc.rriii.nrd f i - o n !  t h e  dropwind- 
sonde d a t a  ( F i g .  3 ) ;  n o t e  thoug!i t l i a t  t h e  c a l c r ~ l a -  
t i o r i s  r r p r e s c n t e d  i n  F i g .  3 exteiirl s i g n i f i c a n t l y  
eask o f  t h o s e  r e p r e s e n t e d  in  F i g .  5. 

second b u r s t  on t h e  29th  ( F i g .  5 d ) ,  f l u x e s  toward 
t h e  s o u t h  had i n c r e a s e d  wes t  o f  165"W and f l u x c s  
toward t h e  n o r t h  had i n c r e a s e d  e a s t  of 126OW; t h e  
f l u x e s  between teriderl t o  be  s i g n i f  i c n i i t l y  weaker  
and more v a r i a b l e  i n  d i r e c t i o n .  I3y t h e n  t h e  mois- 
t u r e  b u r s t  was d i s s i p a t i n g .  

By t h e  t ime of  t h e  c o n c l u s i o n  of t h e  

4 .2  The L a t e r a l  Flow from Volumes 

Only two examples  of  t h e  computa t ion  of  
w a t e r  v a p o r  f l o w  o u t  of  volumes a r e  p r e s e n t e d .  
The f i r s t  i s  f o r  t h e  a f t e r n o o n  o f  t h e  2 0 t h  (F ig .  
6 ) .  The m o i s t u r e  b u r s t  o c c u r r e d  n e a r  t h e  c e n t e r  
of t h e  a r e a  ( o r  volume) e n c l o s e d  by t h e  dropwind- 
sonde  r e p o r t s .  The r e p r e s e n t a t i o n  is t h e  same as 

"'O 
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F i g .  6. V e r t i c a l l y  i n t e g r a t e d  w a t e r  vapor  f l u x e s  
and net f l o w  i c r o s s  t h e  v e r t i c a l  s u r f a c c s  of  a 
vol  time J 1 8 1  i iie.11 cd by dropwi r id  sonde  o h s c r v a t  i o n s  
n w r  21 LX1' or 20 J ~ I \ U ~ K Y  1779.  ';he v e r t o r s  r e p r e -  
sen t  t h e  h z t t t  vapoi f l u x ,  w i t h  magnitude g i v e n  by 
the sc,l- s L  tlie upyzr  l e f t .  
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t h a t  i n  e a r l i e r  f i g u r e s ,  except  t h a t  t h e  d i r e c t i o n  
of t h e  arrow i n d i c a t e s  whether t he  f l u x  is  outward 
(des igna ted  a s  p o s i t i v e )  from t h e  volume o r  inward. 
An outward n e t  flow is  a l s o  ind ica t ed  a s  p o s i t i v e .  
The n e t  mo i s tu re  inf low of 5 . 3  x 10' kg /s  probably 
is r e l a t e d  t o  t h e  convergence of mois ture  and of 
n l a s s  a s  tlie b u r s t  undergoes i n i t i a l  development. 
Computation of t h e  n e t  mois ture  f l o v  f o r  t h e  same 
volume, bu t  based on t he  FGGE 111-b d a t a  result trd 
i n  a n  inf low of 1 . 3  x 10' kg / s ,  determined from the 
24-h changes i n  r e l a t i v e  humidity over  t h e  per iod  
from 12 CMT on the  20th t o  12  GMT on t he  21sC. lhe 
same computation c a r r i e d  o u t  f o r  a 12-h per iod  end- 
ing  a t  00 GMT on the  21st r e s u l t e d  i n  ail p~LTl.ow 
(mois ture  d ive rgence )  of 6.0 x 10' kg/s, t h e  same 
magnitude a s ,  bu t  of oppos i t e  s i g n  from t h e  va lue  
obta ined  from t h e  dropwindsonde d a t a .  

f i ned  a volume a l i t t l e  smaller than, bu t  i l l  ,?bout 
the  same p o s i t i o n  a s  on t h e  20th (Fi:;. 7 ) .  'The 
long i tude  of t h e  o r i g i n  OP t he  second iwisturc 
b u r s t  was nea r  t h e  c e n t e r  o f  t h e  valtimr. Despi te  
s t rong  f l u x e s  ac ross  s h o r t  segments of t h e  no r th  
houndary s w f o c e ,  t he  n e t  outf1:)w u i  1.0 x 106 kg/s 
was two o r d e r s  of magnitude less than  t h e  inf low on  
t h e  20th.  Ca lcu la t ions  of t h e  volome out f lcw made 
us ing  the  FCGB 111-b d a t a  aga in  l e 6  t n  c o n f l i c t i n g  
r e s u l t s :  a n  &flow of 1.1 x 10' kg/s  whcri coinruted 
over  a 24-11 per iod  and 2.1. x lo7 kg/s  over ii 12-11 
Iwr iod ,  bo th  beginning a t  1 2  GMT on tne 25th. 

On t h e  25th t h e  dropwindsonde positions de- 

l a l c u l a t i o n s  f o r  o t l ic r  vo11.id1es an2 t imes  
l a r  i ncons i s t enc3es  when r e s u l t s  based on 

the dropwindsonde d a t a  are. compared w i t h  t h o s e  
based on the  F C C E  111-b ana lyses ,  whether c a l c u l a -  
ted over  12-ti o r  24-h pe r iods .  

5 .  SUMMAKY AND COMMENTS 

Th i s  paper o u t l i n e s  t h e  r e s u l t s  of an  
a t t empt  t o  determine mois ture  f l u x e s  and budLcts 
a s s o c i a t e d  wi th  mois ture  b u r s t s  of t h e  e a s t e r n  
North P a c i f i c  Ocean a r e a .  The FGGE 11-b and 111-b 
da ta  sets provide  tlie b a s i c  in format ion .  A ca lcu-  
l a t i o n  based on  dropwindsonde d.ita and a second re- 
s u l t  based on FGGE 111-b d a t a  ( t h e  ana lyses )  are 
d i scussed  and co~ .~pa red .  Seve ra l  conclue ions  f o l l o w :  

1. Ca lcu la t ions  o f  water vapor f l o w  acrilos 
l a t i t u d e  l i n e s  probably provide  a i o i r  representa-  
t i o n  of  r e a l i t y ,  e s p e c i a l l y  wher. based on t h e  drop- 
windsohide d a t a .  The f l u x e s  a c r o s s  various segments 
of t he  l a t i t u d e  c i r c l e  u sua l ly  mnt::h what would he 
expected from t h e  synopt t c  behavior of tl;c atnio- 
sphere  a t  t he  mois ture  b u r s t .  

i s  no t  w e l l  represent.ed by r e s u l t s  Ei.siil r!lilier foi-m 
of d a t a .  The FCGE 111-b ana lyses  1ilC.cly a r e  t h e  

2 .  Water vapor flow ouc of :;mall volunes 
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poorer d a t a  form when synop t i c  i n v e s t i g a t i o n s  a r e  
being undertaken because t h e  numerical  a n a l y s i s  
procedures u t i l i z e d  tend  t o  be  b iased  toward t h e  
c l ima to log ica l  s t r u c t u r e  when d a t a  a r e  s c a r c e ,  a s  
is always t h e  c a s e  i n  the  area be ing  i n v e s t i g a t e d .  

3 .  The r e s u l t s  a l s o  may bc b i a sed  because 
of t h e  ques t ionab le  accuracy  of t h e  i n i t i a l  d a t a .  

'This paper r e p o r t s  a f i r s t  s t e p  or  an  on- 
going s tudy .  Our goa l  is  t o  use  mois ture  d a t a  de- 
r ived  Zrom s a t e l l i t e - b o r n e  ins t ruments  t oge the r  
with t h e  convent iona l  d a t a  t o  improve e s t i m a t e s  of 
water vapor f l u x  and budgets .  
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1. INTRODUCTION 

I n  the t r o p i c a l  n o r t h e a s t  P a c i f i c ,  a 
s y n o p t i c  event ,  c a l l e d  a "moisture  b u r s t , "  o c c u r s  
commonly (Smith et&., 1986; McGuirk and Thompson, 
1984) .  The da ta-sparse  n a t u r e  of t h e  r e g i o n  pre-  
c l u d e s  a c c u r a t e  d i a g n o s e s  of  t h e  s t r u c t u r e  of t h e s e  
e v e n t s .  The most a p p r o p r i a t e  d a t a  se t  f o r  t h e  
s tudy  of  these  sys tems i s  q u a n t i t a t i v e  s a t e l l i t e  
da ta .  p a r t i c u l a r l y  i n d i v i d u a l  channel  b r i g h t n e s s  
tempera tures .  T h i s  d a t a  format  is p r e f e r a b l e  t o  
t h e  r e c o n s t r u c t e d  tempera ture  and m o i s t u r e  p r o f i l e s  
because t h e  r e c o n s t r u c t i o n s  have a tendency t o  
smooth i n  both t h e  h o r i z o n t a l  and t h e  v e r t i c a l .  

This  paper  d e s c r i b e s  s y n o p t i c  v a r i a b i l i t y  
conta ined  i n  a set of TIROS N b r i g h t n e s s  tempera- 
t u r e s  f o r  a nine-day p e r i o d  dur ing  January  1979, 
between t h e  d a t e l i n e  and 90°W and between 30"N and 
20'5. The s p a t i a l  coherence  of each channel  i s  
d e s c r i b e d  as f u n c t i o n s  of i n t e r c h a n n e l  d i f f e r e n c e s  
and geographic  and s y n o p t i c  v a r i a t i o n s .  Second, 
n o r i z o n t a l  and v e r t i c a l  p a t t e r n s  of i n d i v i d u a l  
channels  a r e  examined through e m p i r i c a l  o r thogonal  
f u n c t i o n a l  (EOF) decomposi t ion.  F i n a l l y ,  response  
s u r f a c e  r e g r e s s i o n  models a r e  developed t o  p r e d i c t  
miss ing  TIROS N c h a n n e l s  from a v a i l a b l e  TIROS N 
and NOM-5 data .  

A l l  t h r e e  a n a l y s e s  p r e s e n t  c o n s i d e r a b l e  
organized  synopt ic  v a r i a b i l i t y  i n  t r o p i c a l  sys tems 
f o r  which the s y n o p t i c  thermodvnamic s i g n a l  is 
normally weak. 

2 .  SPATIAL COHERENCE 

To examine t h e  s p a t i a l  coherence  of t h e  
b r i g h t n e s s  tempera tures  i n  a g iven  channel ,  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  was c a l c u l a t e d  f o r  each 
o b s e r v a t i o n  with r e s p e c t  t o  a l l  o t h e r  o b s e r v a t i o n s  
d u r i n g  t h e  same s y n o p t i c  t i m e  and throughout  t h e  
domain. The c o r r e l a t i o n s  were s t r a t i f i e d  by 
h o r i z o n t a l  s e p a r a t i o n  d i s t a n c e ' b e t w e e n  p a i r s  of 
o b s e r v a t i o n s .  S e p a r a t i o n  d i s t a n c e s  ranged between 
zero  and 2500 km. i n  250 km increments .  For n e a r l y  
a l l  channels  and n e a r l y  a l l  s e p a r a t i o n  d i s t a n c e s ,  
a t  l eas t  150 p a i r s  of  o b s e r v a t i o n s  c o n t r i b u t e d  t o  
t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  a g i v e n  t ime 
p e r i o d ,  y i e l d i n g  a 95% conf idence  estimate of  kO.1 
f o r  the ampli tude of  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
at  any s p e c i f i c  s e p a r a t i o n  d i s t a n c e .  

2.1 Inter-Channel D i f f e r e n c e s  

A s i n g l e  time p e r i o d ,  24 January  1979 a t  
1 2  GMT. vas s e l e c t e d  t o  examine t h e  d i f f e r e n c e s  i n  
h o r i z o n t a l  coherence between t h e  d i f f e r e n t  TIROS N 
channels .  The channels  were d i v i d e d  i n t o  s i x  
groups,  based on t h e  absorb?rlg c h a r a c t e r i s t i c s  a t  

t h e  s p e c i f i c  wavelength of  t h e  c h a n c e l ,  a s  well 
as t h e  shape of t h e  channel  weight ing  f u n c t i o n .  
The c h a n n e l s  of  a g i v e n  group possessed s i m i l a r  
coherence  p r o p e r t i e s .  See Table  1 f o r  t h e s e  
groups and Smith st. (1979) f o r  a d e t a i l e d  
d e s c r i p t i o n  of channel  c h a r a c t e r i s t i c s .  

Table  1 

Channel groupings  f o r  s p a t i a l  c o r r e l a t i o n s .  

Emission s o u r c e  Channe; nuc.bers 

Tropos?her ic  ( thermal )  13 ,  1 4 ,  1 5 ,  16 

Tropospher ic  ( t h e r m a l ,  H 2 0  
s e n s i t i v e )  4 ,  5 ,  6 ,  7 

Wacer vapor ::, 11, 1 2  

S t r a t c s p n e r i c  i ,  2 ,  3 

S u r f a c e  (window, boundary 
8 ,  1 3 ,  li, 1 8 ,  19 

Microwave (MSL: 1, 2 ,  3, 4 )  noted  a s  2 1 ,  2 2 ,  2 3 ,  2L 

l a y e r )  

By wav of example, F i g .  l a  snows t h e  
c o r r e l a t i o n  c o e f f i c i e n t  as a f u n c t i o n  o f  separa-  
t i o n  f o r  t h e  two t r o p o s p h e r i c  thermal  groups.  Fcr 
z e r o  s e p a r a t i o n ,  t h e  c o r r e l a t i o n  i s  1.G; oaserva-  
t i o n s  c o r r e l a t e  p e r f e c t l y  w i t h  themseives .  A s  t h e  
s e p a r a t i o n  d i s t a n c e  i n c r e a s e s ,  t h e  channel  obser -  
v a t i o n s  become less c o r r e l a t e d ,  a s  expec ted .  For  
d i s t a n c e s  g r e a t e r  t h a n  750 km. t h e  c o r r e l a t i o n  i n  
c h a n n e l s  more s e n s i t i v e  t o  water  vapor f a l l s  o f f  
much more r a p i d l y .  These c o r r e l a t i o n  p r o f i l e s  a r e  
compared most e a s i l y  throuch  t h e  i n t e g r a l  l e n g t h  
scale ( t h e  a r e a  under  t h e  c o r r e l a t i o n  curve  t o  t n e  
l e f t  of t h e  f i r s t  z e r o  c r o s s i n g ) .  T n i s  s c a l e  pro- 
v i d e s  a s i n g l e  number e s t i m a t i n g  t h e  mean c o r r e -  
l a t i o n  d i s t a n c e ;  i t  should  be  r e l a t e d  t o  t h e  
l e n g t h  s c a l e  of a tmospher ic  v a r i a t i o n .  The maxi- 
mum d i f f e r e n c e  i n  i n t e g r a l  l e n g t h  s c a l e s  i n  F i g .  
l a  (between Channels  4 and 14) is 650 km (1820 km 
v s .  1170 km; t h e s e  a r e  t h e  approximate d i s t a n c e s  
a t  which two o b s e r v a t i o n s  i n  t h e  same channel  w i l l  
become u n c o r r e l a t e d ) .  

each of t h e  s i x  groups  of Table  1 a r e  shown i n  F ig .  
l b .  P r i o r  t o  i n t e r p r e t i n g  t h i s  f i g u r e ,  some ex- 
c e p t i o n s  a r e  f i r s t  no ted .  The s t r a t o s p h e r i c  
channels  v a r i e d  wide ly  i n  l e n g t h  s c a l e ,  from about  
900 km t o  w e l l  o v e r  2000 km, exceeding  t h e  d e t e c t a -  
b l e  l e n g t h  s c a l e  w i t h i n  t h e  o b s e r v a t i o n  domain. 
The same w a s  t r u e  o f  t h e  microwave channels ,  i n  

C o r r e l a t i o n s  f o r  a t y p i c a l  channel  from 
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which u n r e a l i s t i c a l l y  small  l ength  s c a l e s  occurred 
i n  t h e  vindow and tropopause channels. 

h ighes t  s p a t i a l  coherence occurs  i n  sur face  
channels  wi th  l e n g t h  s c a l e s  exceeding 2000 km. 
Tropospheric s i g n a l s ,  i n s e n s i t i v e  t o  moisture ,  
possess  Length scales of about 1800 km, but  are 
near ly  i d e n t i c a l  with s u r f a c e  c o r r e l a t i o n s  a t  d i s -  
tances  less than 1300 km. F i n a l l y ,  t h e  s t r a t o -  
spher ic  and moisture  s e n s i t i v e  t ropospheric  
channels a r e  s i m i l a r ,  wi th  length  s c a l e s  of about  
1000 km. 

is t h a t  t h e  s c a l e  of t h e  atmospheric system is 
somewhat l a r g e r  than t h e  s c a l e  of imposed sea sur-  
f a c e  t e n p e r a t u r e  v a r i a t i o n  wi th in  t h i s  p a r t  of t h e  
t r o p i c s .  It is l i k e l y  then t h a t  s e a  sur face  p a t -  
t e r n s  do not  d r i v e  d i r e c t l y  t h e  most a c t i v e  synop- 
t i c  systems over  t h e  e a s t e r n  P a c i f i c  Ocean. 

Connecting t h e  second two r e s u l t s  l e a d s  t o  
t h e  impl ica t ion  t h a t  temperature and humidity 
v a r i a t i o n s  occur  on two d i v e r s e  s c a l e s  over t h e  
t r c p i c a l  e a s t e r n  P a c i f i c .  

Three behaviors  appear i n  Fig.  l b .  The 

The impl ica t ion  of t h e  f i r s t  two r e s u l t s  

2 . 2  Geographic Dif fe rences  

The c o r r e l a t i o n s  f o r  each channel were re- 
computed f o r  two zonal bands, one between 10°S and 
15'N ( t h e  e q u a t o r i a l  s e c t i o n ) ,  and t h e  o ther  be- 
tween 15 'X  and 30"N ( t h e  s u b t r o p i c a l  s e c t i o n ) .  
These s u b s e t s ,  shown i n  F igs .  IC and I d ,  minimize 
t h e  meridional  temperature  grad ien t  i n  two ways: 
t h e  f i r s t  s e p a r a t e s  t h e  t r o p i c s  from the  sub- 
t r o p i c s ,  while  t h e  second a l i a s e s  out  the  north-  
south s e p a r a t i o n s  a t  s c a l e s  l a r g e r  than about 1000 

km f o r  each subse t .  
and 30"N is  only about  1600 km, so most of  t h e  
longer s e p a r a t i o n  d i s t a n c e s  f o r  observa t ions  pon- 

t r i b u t i n g  t o  t h e  c o r r e l a t i o n  c o e f f i c i e n t  tend t o  
b e  o r i e n t e d  east-west) .  

l a t i t u d i n a l  d i f f e r e n c e s  t o  b e  i d e n t i f i e d .  Except 
f o r  water vapor channels ,  t h e  apparent  s c a l e  of 
t r o p i c a l  systems is reduced i n  t h e  zonal s t r i p s .  
The i n t e g r a l  l e n g t h  s c a l e s  of t h e  e q u a t o r i a l  s t r i p  
a r e  about 40% of t h e  s c a l e s  f o r  t h e  e n t i r e  region: 
Scales  f o r  t h e  s u b t r o p i c a l  s t r i p  a r e  about 75% of 
s c a l e s  i n  Fig. l b .  Thus, f o r  t h e  f i v e  channels  
assoc ia ted  with temperature  v a r i a t i o n ,  t h e  domi- 
nant v a r i a t i o n  appears  t o  be a s s o c i a t e d  wi th  t h e  
mean meridional  temperature  g r a d i e n t .  In t h e  
e q u a t o r i a l  region t h e  i n t e g r a l  l ength  s c a l e  f o r  
t ropospheric  d i s turbances  is about 600 km. Length 
s c a l e s  a t  t h e  s u r f a c e  a r e  longer ,  about 850 km. 
The i n f r a r e d  water  vapor channel  possesses  an 
i n t e g r a l  s c a l e  of 1300 km i n  t h e  e q u a t o r i a l  b e l t ,  
the  same as i ts  scale throughout the  region.  Not 
only is  mois ture ' s  coherence about twice as l a r g e  
a s  t h a t  f o r  temperature a long t h e  equator ,  i t  i s  
not s e n s i t i v e  t o  meridional  v a r i a t i o n .  In  t h e  
subt ropics ,  however, t h e  s c a l e  of moisture  v a r i a -  
t i o n  i s  about 750 km, much smaller than e q u a t o r i a l  
v a r i a t i o n .  F i n a l l y ,  the  s c a t t e r  i n  c o r r e l a t i o n  
behavior f o r  i n d i v i d u a l  channels  w i t h i n  each group 
is much g r e a t e r  i n  t h e  e q u a t o r i a l  zone than i n  t h e  
o ther  zones. 

v a r i a t i o n s  a r e  synopt ic  i n  n a t u r e ,  and not a re -  
s u l t  of a mean meridional  g r a d i e n t  i n  moisture .  
The s c a l e  of moisture  v a r i a t i o n  is dominated by 

(The d i s t a n c e  between 15'N 

Comparison of  Figs .  l b ,  c and d al low 

The f i r s t  conclusion is t h a t  moisture  
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e q u a t o r i a l  v a r i a t i o n ,  n o t  by t h a t  of t h e  s u b t r o p i c s .  
On t h e  o t h e r  hand,  tempera ture  v a r i a t i o n  is c o n t r o i -  
l e d  s t r o n g l y  by t h e  mean n e r i d i o a l  tempera ture  con- 
t r a s t .  This c o n t r a s t  o c c u r s  p r i m a r i l y  i n  t h e  nor th-  
?rn p o r t i o n  of t h e  domain. E q u a t o r i a l  thermal  
coherance i s  v e r y  small. F i n a l l y ,  t h e  TIROS N 
a u i s t u r e  c h a n n e l s  are t r u l y  s e n s i n g  m o i s t u r e  s i g -  
n a i s ,  which v a r v  d i s t i n c t l y  from thermal  s i g n a l s ,  
even i n  t h e  e q u a t o r i a l  and s u b t r o p i c a l  r e g i o n s .  

.'(eavu 3Sr.e~ -%r - .  

2.3 Svnopt ic  D i f f e r e n c e s  

F i n a l l y  c o r r e l a t i o n s  were computed f o r  a 
c e n t r a l  P a c i f i c  s e c t o r  between l o n g i t u d e s  i40°W 
and 180" f o r  two d i f f e r e n t  days s e p a r a t e d  by f i v e  
days.  One day exper ienced  h e a w  convect ion  a l o n g  
t h e  e q u a t o r i a l  s e c t i o n  and i n  t h e  nor thwes t  c o r n e r  
of t h e  reg ion .  The second day w a s  r e l a t i v e l y  
cloud-  and convec t ion- f ree .  I n  a l l  channels ,  i n t e -  
g r a l  l e n g t h  scales were less f o r  t h e  day  w i t h  weak 
s y n o p t i c  a c t i v i t y ,  approximate ly  25% o r  about  400 
km less f o r  t h e  f o u r  t r o p o s p h e r i c  channels  c.f F i g .  
lb. i n c l u d i n g  mois ture .  (The c o r r e l a t i o n  f i g u r e s  
are n o t  shown.) The d e c r e a s e s  i n  scale t o r  t h e  
s u r f a c e  and s t r a t o s p h e r i c  c h a n n e l s  ireie n o t  s i g n i -  
f i c a n t .  The c o n c l u s i o n  i s  t h a t  s y n o p t i c  a c t i v i t y  
makes. t h e  h o r i z o n t a l  p a t t e r n s  more c o h e r e n t  and t h e  
sa te l l i t e  can  d e t e c t  t h i s  o r g a n i z a t i o n .  T h e  
s t r a t o s p h e r e  and s u r f a c e  do n o t  a p p e a r  t o  v a r y  
i m p o r t a n t l y  on  time s c a l e s  of a few days.  

3 .  SPATIAL PATTERNS 

The h o r i z o n t a l  and v e r t i c a l  s y n o p t i c  pa t -  

For  a g iven  s y n o p t i c  t i m e ,  
t e r n s  i n  t h e  TIROS channel  d a t a  were examined 
through EOF a n a l y s i s .  
a l l  t h e  s a t e l l i t e  o b s e r v a t i o n s  over  t h e  t r o p i c a l  
P a c i f i c  r e g i o n  were merged i n t o  e i g e n v e c t o r s  
( v e r t i c a l l y - o r i e n t e d  channel  b r i g h t n e s s  tempera- 
t u r e  p a t t e r n s )  and U)Fs ( h o r i z o n t a l  ampl i tude  pa t -  
t e r n s  of  t h e  e i g e n v e c t o r s ) .  
c a l l e d  " p r i n c i p a l  components." T h i s  decomposi t ion 
w a s  done f o r  e a c h  s y n o p t i c  time and t h e  f i r s t  f i v e  
e i g e n v e c t o r s  f o r  a t y p i c a l  t i m e  p e r i o d  appear  as  
Fig. 2.  Eigenvector  Numbers 3, 4 and 5 v a r i e d  from 
day t o  day,  b u t  Eigenvec tor  Numbers 1 and 2 remain- 
ed s t a b l e .  Due t o  a r e t r i v a l  e r r o r ,  t h e  "900 mb 
m o i s t u r e  s i g n a l "  is a c t u a l l y  a low level thermal  
s i g n a l .  Thus. t h e  f i r s t  e i g e n v e c t o r  is unambig- 
dous ly  a mean t r o p o s p h e r i c  tempera ture  s i g n a l ,  w i t h  
n e a r  z e r o  weight  g iven  t o  t h e  s u r f a c e  microwave 
s i g n a l  and t h e  m o i s t u r e  s i g n a l s .  I t  t y p i c a l l y  
a c c o u n t s  f o r  60% of t h e  s p a t i a l  v a r i a b i l i t v  o f  t h e  
e n t i r e  s a t e l l i t e  channel  d a t a  se t .  The second 

EOFs are a l t e r n a t i v e l y  

eigenvector  is p r i m a r i l y  a m o i s t u r e  s i g n a l ,  
accompanied by a weak s u r f a c e  t h e r n a l  s i g n a l ;  t h e  
s igns a r e  such  t h a t  when t h e  t roposphere  is n o i s t ,  
the boljndary l a v e r  i s  varmer t h a n  normal. This  
s igna l  t v p i c a l l v  e x p l a i n s  15% o f  t h e  v a r i a b i l i t v .  
The n e x t  t h r e e  e i g e n v e c t o r s  are  more complex and 
l e s s  ? h y s i c d l l y  i n t e r p r e t a b l e ,  b u t  t v p i c a i l y  in-  
clude l a r g e  mois ture ,  microwave and s u r f a c e  s i g -  
na ls .  They c a n  be l i n k e d  t o  s o i s t u r e ,  c loud ,  pre- 
c i p i t a t i o n  and s u r f a c e  e f f e c t s ,  and t y p i c a l l y  
expla in  about  5 X  of t h e  v a r i a b i l i t y  each.  Thus. 
the f i r s t  f i v e  EOFs e x p l a i n  o v e r  90% of t h e  v a r l i -  
b i l i t v .  

assoc ia ted  w i t h  e i g e n v e c t o r s  i n  Fig.  2 are  shob-n 
i n  Fig.  3. EOF 1 snows t h e  m e r i d i o n a l  tempera ture  
grad ien t  n o r t h  of L O O N  and t h e  c o l d  t rough (co id  
is  shaded)  a s s o c i a t e d  w i t h  a m o i s t u r e  b u r s t  be- 
tween 15OoW ana 120OW. EOF 2 shows t h e  moist a x i s  
corresponding t o  t h e  m o i s t u r e  b u r s t  (with t h e  
w e t t e s t  areas shaded)  and t h e  s t r o n g  mois ture  
grad ien t  on t h e  nor th ; les t  f l a n k .  Highs i n  EOF 3 
(shaded) g e n e r a l l y  show contaminat ion  by h e a w  
p r e c i p i t a t i o n  c o r e s  o r  a w a r m  t ropopause .  
land a r e a s  s u r f a c e  e m i s s i v i t v  dominates  t h e  s i g -  
nal .  T h i s  p a t t e r n  does  n o t  a lways cor respond t o  
cold c loud  t o p  tempera tures  from GOES imagery, 
suggest ing t h a t  t h e  GOES s i g n a l  is n o t  a lways a 
good p r e c i p i t a t i o n  i n d i c a t o r .  EOFs 4 and 5 a r e  
more d i f f i c u l t  t c  i n t e r p r e t .  They c a r r y  a non- 
meteoro logica l  s i g n a l  a l o n g  t h e  s a t e l l i t e  t r a c k  
i n  channels  MSU 1 and 3,  p a r t i c u l a r l y  a l o n g  t h e  
equator .  T h i s  s i g n a l  h a s  n o t  been d i s c u s s e d  i n  
the l i t e r a t u r e .  EOF 4 shows s e v e r a l  minima a long  
the b u r s t  ( shaded) ,  a d j u s t i n g  o b s e r v a t i o n s  i n  wet 
a reas  which do not  have a w a r m  boundary l a y e r .  
€OF 5, w i t h  a warm t ropopause  and s u r f a c e ,  shows 
a weak maximum a long  t h e  b u r s t  a x i s .  

Most EOF a n a l y s e s  of  geophvs ica l  d a t a  ex- 
h i b i t  a g r a d u a l l y  d e c r e a s i n g  s c a l e  i n  s p a t i a l  pat-  
t e rns .  Except f o r  t h e  f i r s t  ampl i tude  p a t t e r n  of 
mean tempera ture .  t h e  TIROS !4 d a t a  se t  does  not  
follow t h i s  t r e n d .  S t a r t i n g  wi th  t h e  mois ture  
pa t te rn .  t h e  s p a t i a l  p a t t e r n s  show a s u r p r i s i n g  
complexi ty ,  a r e s u l t  of  t h e  a tmospher ic  s t r u c t u r e  
of  t h i s  p o r t i o n  of t h e  t r o p i c s .  I t  is n o t  SUK- 

p r i s ing .  then ,  t h a t  t h e  i n t e g r a l  l e n g t h  s c a l e s  of 
the preceeding  s e c t i o n  e x h i b i t e d  so  much v a r i a t i o n  
or  s i g n a l .  

The € i v e  EOFs. o r  p r i n c i p a l  conponents ,  

Over 

4 .  INTERCHANNEL COMPARISONS 

Because of r e g i o n s  o f  miss ing  s a t e l l i t e  
o b s e r v a t i o n s ,  a t t e m p t s  were made t o  r e c o n s t r u c t  
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"bogus" TIROS N cnannel b r igh tness  tempera tures  
from two sources:  NOM-5 (VTPR) obse rva t ions  
where no TIROS N obse rva t ions  were a v a i l a b l e ;  and 
TIROS N microwave and s t r a t o s p h e r i c  channels  f o r  
c loudy/overcas t  c o n d i t i o n s  where t roposphe r i c  
i n f r a r e d  channels were not  a v a i l a b l e .  The pro- 
cedure  was s t a t i s t i c a l ,  involv ing  a f u l l  q u a d r a t i c  
response  sur face  r eg res s ion  model. 

d a t a  i n  cloudy r eg ions ,  t h e  t roposphe r i c  I R  
channels  were p red ic t ed  by r eg res s ion ,  u s ing  t h e  
a v a i l a b l e  TIROS d a t a  (MSU 1, 2.  3 ,  4; SSU 1 ,  2 ;  
HIRS 1, 2 ,  3 ,  17) .  The model was cons t ruc t ed  us ing  
over 2500 complete soundings a v a i l a b l e  i n  c l e a r  sky 
condi t ions .  The model w a s  then  app l i ed  t o  ove rcas t  
r eg ions .  

d a t a  were regressed  t o  p r e d i c t  TIROS N channel 
b r igh tness  temperature.  
wi th  c l e a r  sky TIROS and NOAA soundings co loca ted  
wi th in  500 km i n  space ,  and 3 hours  i n  t ime; only 
300 colocated soundings w e r e  a v a i l a b l e  f o r  model 
cons t ruc t ion .  

F i g s .  4a and b d e p i c t  t h e  percentage  v a r i -  
ance predic ted  i n  each channel from t h e  TIROS N 
microwave and s t r a t o s p h e r i c  channels ,  and from t h e  
N O M - 5  channels,  r e s p e c t i v e l y .  The heavy l i n e s  
show t h e  l i n e a r  terms; t h e  l i g h t  l i n e s  g ive  t h e  
improvement by inc lud ing  quadra t i c  terms. Improve- 
ments by quadra t ic  terms i n  excess  of 1 O X  were 
l i m i t e d  t o  only a few channels  i n  t h e  NOAA-5 model. 
NOAA-5 pred ic t ions  were on ly  s l i g h t l y  less a c c u r a t e  
due pr imar i ly  t o  t i m e  and space  e x t r a p o l a t i o n  and 
t o  t h e  degraded obse rv ing  c a p a b i l i t y  of t h e  
d e t e r i o r a t i n g  NOAA s a t e l l i t e .  Genera l ly  speaking ,  
about 85% of t h e  v a r i a n c e  i n  each channel can be  
p red ic t ed  fo r  t h e  TIROS model, except ing  t h e  two 
tropospheric mois ture  channels ,  where p r e d i c t i o n  
is less successfu l .  About 80% of t h e  va r i ance  is  
recovered by t h e  NOAA model, except  f o r  t h e  micro- 
wave window channel .  Because NOAA-5 i n f r a r e d  
cnannels  a re  s e n s i t i v e  t o  water vapor,  t h e i r  p r e -  
d i c t i o n  of mois ture  i n  c l e a r  sky cond i t ions  w a s  
more successfu l ;  s i n c e  they are, however, a l l  
i n f r a r e d ,  they w i l l  p rovide  no new mois ture  i n f o r -  
mation i n  cloudy r eg ions .  

For t h e  bogus d a t a  genera ted  from TIROS N 

In an analogous model, NOAA-5 VTPR channel  

The model was cons t ruc t ed  

5 .  SU?WRY 

Indiv idua l  channels  of TIROS N vary  on 
t h e i r  own i n t e g r a l  l eng th  scales. The v a r i a t i o n  
is s e n s i t i v e  t o  abso rbe r  ( p a r t i c u l a r l y  water vapor  
and p r e c i p i t a t i o n ) .  t o  mean mer id iona l  a tmospher ic  
g r a d i e n t s ,  and t o  synop t i c  s i g n a l .  This  l e n g t h  
s c a l e  v a r i a t i o n ,  and t h e  s t r o n g  channel i n t e r -  
dependence allow TIROS N channel b r i g h t n e s s  
temperatures t o  be  merged i n t o  a few v e r t i c a l /  
ho r i zon ta l  s t r u c t u r e s  through EOF a n a l y s i s .  The 
v e r t i c a l  e igenfunct ions  and h o r i z o n t a l  EOFs can be 
in t e rp re t ed  s y n o p t i c a l l y .  F i n a l l y ,  t h e  s t r o n g  
channel inter-dependence a l lows  "bogus" channel 
d a t a  t o  be cons t ruc ted  from p a r t i a l  channel sound- 
ings  o r  from d i f f e r e n t  s a t e l l i t e s  c a r r y i n g  d i f f e r -  
e n t  instruments;  however, water  vapor channels  
w i l l  remain poor ly  p red ic t ed  i n  cloudy r eg ions .  
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